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TRENDS Ti PRACTICS AnD COSTS OF COUCANTRATING COPPER on=si/ 
by T, G. _Chayrmex 2/ 


INTRODUCE OWT 
This paper has eh abstracted from a forthcoming Bureau of ee bulletin 
on the concentration of copner ores in North America, : 


GENERAL DEVELOPMENTS Ty CONCENTRATING 
| COPP2ZR ORES FROM 191? TO 1932 


During the past 20 years the millin:: of copper ores as practiced in the 
larger concentrators has chnauged to such an extent tnet comoaratively few of 
the machines in use at the beginning of this period remain in service today. 


Concentratinz Practice in 1912 
In 1912 the usual equipment for concentrating copper ores comprised jigs 
for tue coarser sizes, tables and sand vanners for the intermediate sizes, and 
vanners for the finer crushed and ground material. Rolls overated in series 
under graded crushing conditions, were in common use for the liberation of the 
copper minerals; grinding by Chilean or ihintinzgton mills ordinarily was confin- 
ed to the coarser tailings of jigs and trbles. 


The recovery of conper contained in the feed of most concentrators was low, 
ranzing from 60 to 75 percent, The losses of copper in the tailings comprised 
unliberated copper minerals attached to or enclosed within gangue particles and 
finely divided copoer minerals free fror ; sangue but too. aie divided to be 
seved by the concentrating machines then ie USE. 


1/ The Bureau of Mincs will welcome reprinting of this paper provided the fol- 
loving footnoote acknowledgment is used: "Reprinted from U.S, Bureau of 
Mines Information Circular 6792." 3 

2/ Professor of metallurz;, Univorsity of Arizona. 
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Improved Metnods of Treating Slimes by Gravity Concentration 


The period just before the introduction of flotation - 1911 to 1914: - was 
cne of intensive study and test-plant york to reduce the losses of copper in 
tailings, At Anaconda, after thorcush study of the slime problea, the round 
table was selected as tne machine best adcavted to decrease the copper losses iz 
the slime product. A round-table plant was erected and put into operation in 
arch 1914 .3/ The slimes going to tue round tables contained about 2 percent of 
copper of which about 50 percent wes recovered, The copper content of Anacords 
tailings, other than slime tailings, at this. period ras about 0,60 percent. A 
leaching process following roasting was éevised to treat this material. 


At Miami considerable experimental work was done during 1911 and 1912 to 
reduce losses in tailings by grinding tie coarser sand~table tailing in eden 
mills and treating fine slime material on multiple-deck tilting slime tables. 


These examples have been given to indicate the attempts made during this 
period to overcome the defects of the gravity-concentration process, and al- 
taough the recovery of both free and attached copper was improved by the metrocs 
.escribed the gravity process was still inadeouate to effect high recoveries of 
sopper, | 


Introduction of Flotation Process 


The flotation process was introduced in the larger copper concentrators 
“rom 1913 to 1916. Prior to this period the Elmore vacwam flotation process 
nad been tried, and Macquisten tube flotation machines had been operated at 
Golconda, Nev., in 1306 ‘and at tne Morning mill at Mallan, Idaho, in 1911 
The first large-scale anplication of a vrocess similar to present flotation 
inethods in the United States was that of J, LM. yde2/ in 1912 at the 500-ton 
lead—~zine mill of the Butte & Supprior Copper Co. During the 3 years which 
followed Hyde's successful commercial deronstration of the process, flotation 
methods were generally adopted in concentrators which treated sulphide copper 
ores, 


Early Types of Machines Used 


Hyde used a mechanical-agitation=-tyne machine, and the first machines 
introduced in the copper concentrators were also of this type. The pneumatic- 
“ype machine was first developed by J. M. Callow and introduced in_the ¢oncen- 
Srator of the National Cowper Co..at Mullan, Ideho, in April 1914 4 Although 
3/ Laist, F., and Wizgin, A. E., The’ Slime-Concentrating Plant at Anaconda: 

Trens, Am, Inst. Min. Zng., vol. 49, 1914, p. 470. . 
4/ Hunt, EH. D,, Milling Methods’ and Costs at the Concentrator of the Miami Com 

per Co., Miami, Ariz.: Inf. Circ, 6573 Bureau of Mines, 1932, p. 2. 

E/ Hoover, T, J., Concentrating Ores by Flotation: Mining Mag., London, 1914, 

ed ed., p. 15. 

2/ Hoover, T, J., work cited, p. 17. | 
7/ Callow, J. M., Notes on Flotation: Trans. Am, Inst. Min. Enc., vol. 54, 
1916, p. 4. 
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straignt mecnanical-azitationr type of cell is svill in use at a fow copper con- 
centrators, generally it has been nodifiad to the subaeration or mecnanical-air 
type to recuce the consuystion of power or to obtain improved metallurgical re- 
sults, The orivinal stvationnry-rat viewaurtic cell is still emoloyed at many 
concentrators, but it nas also veen mocizied to the rotatin.z-mat or matlesse 
type machine to eliminate mechanical diffienltics brought about b:y developments 
in flotation practice, 


Growth of Process as Anplied to Commer Ores 


Flotation vas virst introduced in copper concentrators as an accessory 
process to gravity methods; its usual role was that of vreating the slime 
portion of tne mill preduct, although at one or tyvo »lants it was first used 
to increase the grace. of vanner concentrates. The imnediete object of the in~ 
troduction of flotation was therefore to reduce the losses of fine free min- 
eral in slime products. The peoble mill had replaced Chilean grinding mills at 
a few concentrators bcfore the introduction of flotation mcthods, The Door 
Classifier had been introduced in csold-millins grinding circuits prior to the 
introduction of successful flotation operations .&/ T:e development of pebble 
mill grinding in closed circuit witn drag classifiers in concentrators treat— 
inz conper ores produced an increasingly fine product for concentration with 
the result that the flotation process, aitnouzh still accessory to gravity 
methods, obtained a: increasingly lerger proportion of ti:e concentrator feed 
for treatment, The net sten was the substitution of cast-iron or cast-steel 
balls for pebblee from 1914 to 191%, The development of ball-mill grinding 
ag2in mede possible an incrense in tac fineness of grinding, wnich in turn 
eradually resulted in flotation being the major process; gravity methods were 
confinea to oneration of tabies as an adjrnct to flotation treatment until the 
period 1923 to 1927, turing which all-flotation methods were adopted at most 
concentrators, It siould be noted, hovever, tint all-flotation methods were 
adopted at some plants as early as 1214 to 1915, but the general elimination 
of tables occurred fron 19°3 to 19273 tue commnratively few concentrators | 
that retained tables after 1927 did so for reasons peculiar to each plant. 


elective Fiotution 
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Tne elimination of tables made possible the next development in the pro- 
gress of flotation, nanuely, tie depressing of pyrite in the tailing with a 
consequent increase in the trate of concentrate produced. The fact that pyrite 
could be dewressed successfully in tie treatment of Cananea ore was lmown as 
eorly as 19212 but was not used until about 1924, The depressing of pyrite 


enemas 2 Eee 


&/ Dorr, J. V. Ne, The Dorr ydronmetallurgical Apparatus: Trans. Am. Inst, 
Min, Enz,, vol, '9, 1914, p. 217; vol. 55,.1916, p. 678. 

9/ Tye, A. T., Millins Methods and Costs at the Concentrator of the Cananea 
Consolidated Copyer Co., Cananea, Sonora, Mexico: Inf. Circ. 6261, 
Bureav. of Mines, 1930, p. 4. 
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Was arn es at the ilacozari plant in 192320/ and in Canada by the Britannia mill 
in 1923. ll/ At first the depression of pyrite was effected in a lime circuit in 
which coal-tar and pine-oil rearvents were used, 


sebeaaat S 


A chrnge in the ‘rind of flotation reaz:ents employed also helped lead to pre- 
sent practice, At tne berinring of flotation overations the usual reazents com 
prised coal tar, creosotes, and vine oil, wiich were used in both acid and alka- 
line circuits, In general, the original collectors vere either replaced by thio- 
carbanilide in orthotoluidin or retained vntil the almost general adoption of the 
lime,. xanthate, and »vine-oil circuit dvrinz the period 1524 to 1926, The benefits 
gained by the use of xanthate and sinilar reagents apparently Genended somewnat 
upon the ore treated, but opinions differ in this respect. Sone metallurgists 
hold that the adovtion of the new regents improved metallurgical results, where- 
as others believe that metallurgically the newer rea ents did not improve results 
obtained with the older reazents but that the crief advartaye derived from the 
new reasents was in the speed of floating: the sulphine minerals wnich in turn re- 
sulted in greater capacities of flotation wnits witn consequent reductions in 
cost. All-flotation practice and the depression of vnyrite were introduced eat 
sone Dlants before the appearance of ‘xanthate in copper-—concentrator circuits, 
but the practice of elininating tables and devressing pyrite became general after 
the introduction of the limeexanthate-pine oil circuit, 


Development of Matless and Rotating-mat Pneumatic Machines 


The reasous for the introduction anc develonment of the rotatins-mat and 
matless types of pneumatic machines may be found in the mechanical difficulties 
formerly encountered at some concentrators which employed stationary—mat cells 
of the Callow t:pe anc depressed vyrite in lime circuits. The depression of 
pyrite caused the accumulation of heavy material on the mats; furthermore, the 
necessity of maintaining hisher decrees of alizalinity with lime, for the de- 
pression of pyrite, increased tl:e rate of deposition of liine salts in the vores 
of the mats. Both of these conaitions resulted in reduced efficiencies of 
aeration, erratic metallurgical results, higher consumptions of vower, and in- 
creased l:bor charges at many plauts usins the stationary-mat tyne machine and — 
led to the adontion of the rotatingemct or matless types of pneumatic cells or 
of the mechanical-agitation machine, 


10/ Rose, B. H., aid Cramer, W. B., filling Methods and Costs at the Nacosari 
Concentrator of the Phelps Dodge Coreen Nacozari, Sonora, Mexico: 
Inf, Circ, 635%, Bureav. of Miner, 1930, ». 6. . | Re x 

11/ Munro, A, C, and Pearse, H. A., Milling Ueercae and Costs at the Concen- 
trator of the Britamunia Mining and Smelting Co. Ltd., Preteen ar een es 
B, C.: Inf, Circ. 6619, Bureau of Mines, 1932, v. 4. 
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she roteting-mat cell vas develoved in the Nacozari concentretor, and the 
conc.itions which led to its develowment have bcen described by Rose and Cramer 
as follovss 


The MacIntosh: flotation mec)ine vas originated and developed at 
Hacozari to meet conditions rerultin: from the chanted physical character 
of tailings after ti:e development of selective flotation. While the pri- 
Mary objective of the machine vas to keep heavy sands and vyrite moving 
freely through the circnrit, it vas im-ediately perceived that the ac- 
complishnent of this purpose snuowld automatically improve both mechanical 
ana metallurgical efficiencies, Tne anticipated advantages did indeed 
“materialize, Whereas tne Collov machines, in which the entire mill feed 
vas treated for nearly 3 years, requirel 3.75 lw.-hr. per ton of ore for 
biower air, the MacIntosu machines rewlacing then operated under identi- 
cal conditions on the same feed and tie saine tonnare rate at an average 
pover conswimtion of only 0.55 ky.hr. per ton, including power both for 
air and for driving rotors, At the same tine, metallurgy was very maw 
terially improved, | oS 


When the rotating~mat cell was first used at Nacozari two—ply unauilted 
canvas was used as the porous media, and tue air pressure was 3 pounds per 
square inch, Rose aid. Craner state further: os | 


For the past 2 years,perforated gum rubber coverings have been 
used on the MacIntosh rotors, These are also a local development, They 
are high-srade gum rubber stoc’: and nave definite holes through then, 
0.01 inch in actual, clear dianeter, there beings 180 such holes per 
Square inch, These are rather more ynorous than canvas = in fact, when 
the sheets are held up to the Lizht, one is eble to see through. then 
and distinguish objects on the other side. By means of a locally do~ 
signed "norosit, meter" the actual vorosity of any medium is readily 
determined, and it has been found tnet these blanctets pas as much air 
at 1 pound pressure as will canvas at 4k pounds pressure. Indced, in 
practice they are able to overate at very low pressures, yet, as it has 
proved, without danger of bac -filtration of solids, With these rubber 
tlankets, the MacIntosh :aachines are operated at about 1 3/8 pounds 
pressure per square incn, or just surlicient to give a comfortable mar-~ 
Gin in overcoming tue hydrostatic hea of tiie nul) in tne machine, 


12) Rose, BE. H., and Craner, W. 2., Milling Metnods and Costs at the Nacozari 
Concentrator of the Phelps Dodze Sorvoration, Nacozari, Mexico: Inf. 
Circ. 6355, Bureau of Mincs, 1950, ». 17. 
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“he conditions et the O1¢ Dominion concentrator hich vere responsible for 
the development of the Forrester matless cell heave been descrived by Forrester 
and Cramer as follows3 


After tue adovtion of t:e all-flotation treatment of ores in 1S2u 
witn the use of lime aud T-T mixture reagents it became evident tuat a 
Cnaiuge would have to be mace in the machines usin: porous blan‘zets. The 
blankets of these macuines decane cloced with lime salts in a snort tine, 
and extra men were requircd to nound tie mats in order to ‘seep ther oven. 
The rejected pyrite settled om the blaikets, wiich further irpeded acra~ 
tion of the wulp. The air »ressure was increased from 4 to 6 and 7 
pounas per square ich, aid evea with tiis increase of pressure it was 
difficult to get sitficient air throwsh the blankets for the proper aerae 
tion of the flotation pulps, It became necessary to change one blancet 
each day, and as trere vere 16 cells in operation the lize of the blan- 
ket was 16 days. Furthernore, in order to obtain this lb-day life it 
was necessary to give each blamczet an acid beth aid a scrubbing every 4 
days. Operating conditions at that time for pnewnatic macnines using 
porous blan':ets were therefore not satisfactory at the Old Dominion con- 
centrator, aud it was necessary eitner to adopt mecnanical agitation ma~ 
chines or to devise some means of producing a froth other than by pass~ 
ing air througn a porous medium, It was due to these difficulties tuat 
the Forrester metiiod and machine were developed. The Forrester macnine, 
2s is generally known, is a matlessetype pneumatic machine, the frota 
being produced by air at low pressure, introduced through 3/4~inch verti~ 
cal parallel pipes svaced on 4~inch centers. . 


Although the tendeacy durin: the vast few years has been toward renlacin:= 
stationary-met machines by newer pneunaticetyne ones, the former have been re- 
tained at hayden, Megma, Cananea, and Walkermine; at Anaconda aud lacozari they 
have been retained for the treatment of slimes aid at Calunet & Hecla and 
ingels for scavenging after initial treatnent in mechanical-agitation machines. 


Grindin; anc Re-treatnent of Concentrates 


In 1525 the Miami Cormer Co. and in 1926 the Britannia Minin; & Smelting 
Co., itd., adopted the practice of resrinding and re-treatins, by selective~ 
flotation methods, the concentretcs obtained from a relatively coarsely sround 
product treated in bulls-flotation circuits, Tie reasons given for this prac~ 
tice are avproximately the same for botn concentrators, t eacn mill the ore 

reated is very low in grade, and the vredcominatine copper mineral » elthough 

intimately associated with the vyrite, is fairly free from thre pate minerals 
arter relatively coarse mrisdinc, It was found at both plants that the de- 
pression of pyrite in the »risary flotation operation resulted in poor 

Forrester, D, L,, and Cramer, W. 5., Milling Meti:ocs anc Costs at the 

Concentrator of tne Old Dominion Co,, Globe, Ariz.: Inf. Circ. 6167, 


sureau of Mines, 1941, »o. 14. 
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recoveries unless relatively fine srincing of all the ore was practice, Pree 
sent methods used at thece mills eliminate the exoense of fine «rinding of all 
tre ore yet retain the acvantazes of hizh recovery of sulvhide conver and high- 
grade concentrate, 


In 19351 the New Gornelia mill of the Puelos Dodse Corsoration started to 
resrind ang reetreat concentrate, the resriacing poration liberating chalco~ 
pyrite from 2zan we minerals to reduce tne insolvble content of the concentrate. 


Miscolinnesus Developments 

Although the changes mate and already notel in tie flotation treatment of 
copper ores comprisin;; tne adontion or all»flotation methods, tne depression 
of pyrite, tie use of the lime~xantiate-vine oil circ.it, the development of 
the revolving--mat and matiless times of pneunatic machines, and the ee of 
bulieflotation concentrates greatly affected metelivrgical results and cost of 
concentrating, other leqeleo ears in the millin.. cece of less importance 
accompanied the major improvements. These inclide: (1) Inmmroved classificae 
tion wnich has result-d from the introciuction of the bowletxpe classivier; (2) 
Simplification of crusning flow sheets by larver reduction ratios and produce 
tion of finer crashing»plant products by the use of the cone crusher; (3) use 
of screens operated in closed circuit with the final stage of crushing which 
hes produced a wiiform maximum size of feed to the crinding mills with marked 
benefits in zrinding operations; (4) substitution of balls for rods in the sete 
ondary grinding mills or in votn primary and seconitaxry grindinz mills and ine 
creased ball-~» and ped sveedis wiich nave resulted in increasel capacities 
of grinding circuits; (5) retrinding of eer middling before its return 
to the flotation oa which nas become common »ractice anc nas resulted in im 
proved graces of concentrate; (5) sevaration of primer; slime followed either 
by the separate conlitioning of the Se slime and ground product before 
tieir combined treatment in flotation -mcvines or ti.e separate flotation treat~ 
ment of the primary slime and ae ee vaiica have resulted in improved 
conditioning of the flotation pulps and decreased losses of copper in tailing 
at some concentrators; (7) improved concitionin;: of ore pulps in the treatment 
of massive sulnnice conner ores aia revrournd bul: concentrate, especially tue 
tiorougn aeration of these wulods »rior to flotation, which has improved the 
sneed of flotation oncrations when treating t..ese products 


Developments in Treetnent of Mative Conver Ores 


es eee eee oe oe 


oa ae Vt e - - 
C. E, Benedict ,-~ ‘ee peenged of the Galwnet & Tecla Consolidated Con- 
per Co., recently Gescribed davelopaents in ti. treatment of Laxe Superior con- 


Elomerate ore as Jollovss: 


1::/ Benedict, ©. %,, Willin, Metiod aud Cost at the Conglomerate Mill of the 


ti 
“e@ 98 


Calumet & Hecla Consolicated Cowper Co.: Inf. Circ. 6354, Bureau of 
Mines, 1930, ». 3. 
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Laize Superior copoer-concentrator practice dirfers from tint of any 
other district ovinzy primnrily to tivo unigve cHeracteristics of the ore: 
(1) Native comer is present in all sizes from masses veighing: man; tons 
to microsconvic size, wic: rasists reduction in cize wren once libu rated 
except vy abrasion, end (:.) tne Darticics of netivs cooper are tougher 
tnen the ore and hence are move resistant to sliming. 


Careful analysis of tuese to vroperties of tae ore accounts for much 

f£waict has been considerea dy some mstellurgists as inefficient metallur- 
Gical »oractice and explains wry the steam stamp has reigned supreme in the 
Lae cooper district for 50 years in snite of an occasional atterpt to re- 
Dlace it, althouzsh it has mace no headway in other camps, It explains why 
stage crushing nes not proved successful against sinzle reduction from 
1O0~inen through 3/1G-4ach mesh at one operation and the vrevaelence of jigs 
and roughing tables in spite of their recent abandonment in favor of all- 
flotation in many carms, A piece of conper tne size of the head, the fist, 
or even of a pea presents rather a fim: argunen*t against either graded 
crushing or all-sliming practice, 


Stemps were used on Lake Sunerior in the sixties, as soon as the mines 
develoned any tounazse. Mechanicelly, the efficiency was low and vas so 
recognized, The compound stamp (high and low-pressure cylinders) ,. develop- 
ed about 1900, was a consicereble imorovement on tne simple stamp; but 
modern practice is to run the stam, simmle or comound, noncondensing, and 
to use the exi:aust steam in lovepressure turbines, thereby obtaining an ex- 
cejlent mecnainicel efficicnc; from tne combined unit. 


Tne only serious effort to cisnlace the stamp as a »vrimary crusher was 
made some 20 vears ago by the Covver Ranze Co,, vnich attempted stage 
crushing by means of rolls with intermediate jigring. It gave no Sroiee 
and was soon abandoned. <A Symons cone crusner might be able to master the 
nugzets of comer that cloz other tyoes of crushers or rolls, but existing 
mines are fully eouivmed, and with lov strmping costs there is little in- 


ducement to warrant the canitel ex»oenciture necessary for a change in method. 


Current practice calls for uend-viccing of large nuggets from te 
rocx, preceding stanping., When a larze piece of copper escapes the vigi- 
lance of the pic’zer and goes into the mortar it does no harm. It remains 
there, abrading slowly, until such time as a snoe is changed, when the cor- 
tent of the mortar is shoveled out if necessary and treated in a svecially 
designed jig. Standard practice un to about 1900 was to clean out the 
mortar periodically, as often as ever:r 4 hours in the early period of rich 
yielcs from ti:e Calumet conglomerate, and to wasl: out the large nugzets of 
copyer, About 1300 two devices vere invented to remove this covper from 
the mortar hydraulically, Tne Krause mortar. discharge was a hydraulic dis- 
cnarce of the ordinary tyne larze enough to remove eee nugsets, the cop- 
per within the mortar vor':ins down against the water pressure and being 
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trapped off veriodically, The Woodbury mortar jig accomplishes the same 
purpose by means of a pulsating current operating within the mortar at 
the stave line and is effective not only for larze pieces of copper but 
for smaller nuggets doym to the 3/16-inch size that will pass through 
the mortar screen, This class of material constitutes only 3 percent of 
the total copper recovered from the conglomerate oe as high as 30 per- 
cent of that eeOD RTE Que cartons | 


Before the introduction of the Wilfley table in 1898 the recovery 
of copper from slimes (local term for minus 60-mesh material) was very 
inefficient, Fortunately the values in the slimes were low because of 
the nonfriable nature of tie valuable mineral, Revolving tables were 
used on »rimary slimes only, as the recovery of fines was so low that 
fine grinding by rolls or Chilean mills was not economic, With tne 
gradual disnlacement of the revolving: tables by Wilfleys, finer grind- 
ing was introduced, first by medns of Chilean mills and later by Hard~ 
inge pebble mills. These nebble mills are still the standard fine-grind- 
ing units for treatin; conzlomerate, ball mills being much more costly to 
run than pebble mills because of excessive abrasion of iron due to the 
hard rock, Leaching of fine sands vas begun in 1916 and flotation of 
slimes soon afterward, so that the practice has not changed fundamentally 
for the past 12 years, and there have been no notable additions to exist~ 
ing plants and facilities in that time, The metallurgical efficiency, 
however, has been im>roving from year to year, as the following table 
shows: 


Assays, werce:t of copver 


Year | Extraction, 
percent 
Heads 
1900 61.11 0.723 77.92 
05 61.5 657 79.94 
1910 56.79 450 77446 
1915 58 250 | 463 76,72 
1920 57.98 17S 91.01 
1925 63.17 | 0143 9 +83 
1926 62.18 | 0129 94.49 
1927 «60,18 | 117 —©Oh 81 
1928 61.31 114 95.12 
1929 61.27 | 124 9h..62 
etait ei une mig 
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Although flotation practice has been used since 1919 for the treatment of 
Lace Supexior conglomerate slimes, as indicated by Benedict, the epolication 
of flotation to_the treatment oi amygdaloid ores is comparatively recent. In 
1928 een, demonstrated by laboratory methods that a considerable part 
of the copper lost in tailings of tables treating thé amygdaloid ores was free 
from gangue but was in a fine or flaky state, Subsequent laboratory tests in- 
dicated that some of this tailiny loss could be recovered by flotation methods. 


Loeper Le! describes the remodeling of the Champion mill to include finer 
grinding and flotation treatment following Fahrenwald's worl: and states that the 
addition of flotation methods to jig and table treatment at’ this plant has in- 
creasea decidedly concentrator recovery and improved considerably the grade of 
concentrates produced, Closed-circuit grinding of table tailings in ball mills 
with the bleeding and table treatment of part of the classifier return sand was 
adopted in the Charpion mill at the same time, 


Hadsel Mill 


Announcement has recently been made that a well-known firm has taken over 

the manufacture and selling rights to the Hadsel mill. This mill performs the 
» Qual functions of crusning and grinding by elevating coarse material, 10-inch 
“ size or larger, by means of buckets placed at the periphery of a slowly rotat- 
inz wneel and dropping the material from a maximum height of about 16 feet on 
stationary steel breaker plates, The crushing and grinding operations take 
place in closed circuit with a clas sifier, as in present ballemil] grinding 
practice, The information availebie at this time with reference to the perform 
ance of the mill is confined to operations of the Beebe Gold Mining Co, at 
Georgetown, Calif i The Hadsel mill at this plant is a 24~foot duplex machine 
operated at a speed of 2,66 r.pem. by a 100-hp. motor. It has crushed and grou 
siliceous gold ore at the rate of 150 to el5 tons per day with power consumptiors 
amounting to 60 to 70 hp,, which averages 6.41 ky.-nr..per ton, not including 
Classifyin-, Aithough the mill has haniled run-of-mine material successfully, 
the performace as noted was obtained with feed 10 inches in maximum size, A 
typical screen analysis of tne finished product showed % percent plus 80~mesh, 
6.5 percent minus 80— plus 100-mesti, 21.0 percent minus 100= plus 200=—mesh, and 
64.5 percent minus 200-mesh, Year of bucisets and breaker plates has not been 
determined, althouch it is believed to be low compared to ball and liner consum- 
tion of ball mills, Although the vossibilities of the Hadsel mili in grinding 
Sulphide copper ores nave not been determined, tne onerating cost of crushing and 
&rinding given as $0.195 per ton for a capacity ranging from 150 to 215 tons per 
day, is low compared to present crusning and grinding operating costs at concen- 
trators of larze acities, as ziven in table 4, page 35. : 
15/ Fahrenwald, A. W., Copper Milling Research in Michigan: Rept. of Investi- 

gations 2378, Bureau of Mines, 1928, 5 pp. | 
16/ Koevel, Edward, Flotation of Native Copper at Freda, Mich.: Eng. and Min, 

Jour., vol, 131, 1931, p. 509. 
17/ Hattl, J. B., Gravity ifilling and Flotation of Low-Grade Gold Ore: Eng. 

and Min, Jour., vol. 133, 1932, p. 30. 
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Trends in Copper Content of Concentrator Heads, Recoveries, 
and Concentrating Costs, 1511 to 1930, Inclusive 


Trends in the copper content of concentrator heads, concentrator recoveries, 
and concentrating costs are presented in txbles 1 to 3, respectively, for 1911 to 
1930, inclusive, In presenting tiese trenis concentrators were selected which 
operated almost continuously, | 


Copper Content of © Concentrator Heads 


Table 1 indicates the trends in conver content of mill heads for three typi- 
Cal concentrators which treat sulvhide ores and for one mill in the Lake sia a 
district. The trend at each of tue first thre >e concentrators is downward; 
Utah Copper 1.51 percent of copo*r in 1911 commared to 0.97 percent in 19303 - 
Miami 2.48 percent in 1911 compared to 0.72 percent in 1930, and at Hayden 1,83 
percent in 1911 compared to 1.25 percent in 1928. The depletion of higher~grade 
‘concentrating ores is not the only cause for this trend, as improved metallurgi- 
cal results and decreased mining and concentrating costs permitted the treatment 
of material in 1930 which could not be classed as "ore" some time ago. The Miami 
Copper Co, furnishes an interesting example of the grade of concentrator heads in 
1930 as compared to those in 1912. The table which follows compares data for 
these years, and it may be noted that the heads in 1930 contained less copper per 
ton than the tailings rejected in 1912 and incidentally that the percentage re~ 
covery on the lowegrade material in 1930 was higher than that on the higher~grade 
material in 1912 with little sacrifice in grade of concentrate; the cost of con- 
centration per ton of ore treated in 1930 was less than half that in 19le. 


TABLE 1. ~ Trends in copper content.of heads at typical concentrators 
— Copper in heads, percent 
Nevada Consolidated | Calumet & Hecla Consoli- 
Copper Co,, Hayden dated Copper Co,, con» 
glomerate mill 


1.96 
l 91 
1,81 
obs 
Cell 1.95 
2.0/7 1.97 
a “a 
oe ° 
5 On 1°43 
1.97 1.93 
1.76 2.0 
1,38 Ob 
ae he Ce 
1.62 233 
129 aed 
98 i 
B5 2.2 
83 Pyee 
2 2 
1/ From annual reports. 2/ Supplied by C. N, Benedict 
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cical results, and costs of milling 
in 1912 and 1940 


Commaricon-of heeds, metallur 
- gt the Miami concentrator 


1912 1930 
“Copper in ‘heads +-------------- mercent eeeeel 2039 - 0.72 
Copper in tailings ------------ do rrr 0703 2153 
Copper in concentrates -------- Ao: eceanl 3 (e0e . 34.13 
Mill recovery ++--=--------~- a do seeee| 09.39 78.28 
Milling cost per ton Of OTe cesesesccceesceee| $ 0059 $ 297 


dee cece te I et ee Nm a ee ee 


The copper content of heads at the conglomerate concentrator of the Calu 
met & Hecla, as given in. table 1, are somewhat higher since 1919, and the 
trend is different from that indicated for the concentrators treating sulphice 
ores, C,. H. Benedict in a letter to the author attributes this condition to 
the fact that the average depth of the worl:ing faces of tiie mine hae not in— 
creased materially since 1911 and that for the last 10 years at least the mine 
ing of old backs and shaft pillars in the upver, richer levels of the mine has 
secounted for a decided increase in the tenor of tne ore concentrated, Bene~ 
dict’ also states that selective mining is practical to the extent that stoping 
ground is chosen carefully and that the average width of the vein mined has de~ 
creased materially in recent. vears 


Trends in Concentrator Recoveries 


7 The trends in recoveries of copper at tynical plants are indicated in 
table 2 for 1911 to 1930, inclvsive, .At the beginning of this period recove 
eries at the three concentrators which treated sulphide ores ranged from about 
67 to 74 percent; little, if any,, improvement in recoveries is indicated in the 
nee presented until the tntroduction of flotation, Since that time recoveries 
of sulphide copper have improved steadily, aud although the first mar'’sed im 
provement was due to the treatment of slimes by flotation the later improvemenis 
due to finer grinding and more efficient ee eects as previously noted, ha. 
an important effect on recoveries 


Tie trend in recovery as shown in table 2 for the Miami Copner Co, is 
somewhat ebscured by two conditions, First, the variable oxide copper con- 
tent in heads from year to year appreciably affects recovery of total copper. 
- example, the drop in recovery in 1923 is explaine 18 by the unusually higs~ 

xide copper content of the heads for this period, The second concition wnicn 
ag fected recoveries at the Miami plant since 1925 as indicated in table 2, was 
he change waich resulted rrom tie working out of the "high-grade" ore body and 
the beginning of concentrating ‘operations on the "low-srade" ore body. The 
treatment of the "low-grade" ore body necessitated radical changes in concen- 
trator capacity and process due’ to its lower copper content and to an increase 


15/ Annual Keport of Miami Coy er Co., 1928,p. 4. | . 
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in the »roportion of vyrité to copper in tris material, These conditions and 
an increase in the relative amount of oxide to sulyhide covner account for de- 
creases in recoveries at Miani since 1925, An examination of the sulphide cop- 
per content of Miami tailing, novever, from 1913 to 1931 shows a gradual de- 
crease in copner from 0.455 percent in 1313 to 0.060 percent for April 1931. 


Referring to tne improvements in recoveries made at the Conglomerate con-~ 
centrator of the Calumet & Hecla Consolidated Copper Co., as indicated in table 
2, Benedict, as previously noted, states that finer grindinz by Chilean mills 
and later by pebble mills combine with the leaching of sancs, which started in 
1918, and the flotation of slimes in 1919 were mainly responsible for the im- 
provement in recovery from 75 vercent in 1911 to 91 percent in 1920. 


de 


TABLE 2, ~ Trends in recoveriss of conver at typical concentrators 


Recovery of copver, percent 


| Nevada Consoli— {Calumet & Hecla Con- 
‘Utah Miani dated Copper ,Co., |solidated Copper a 
1/ i/ conglomerate eo 


Copper Co 2/ — Co, Hayden mill 


1911 69 .53 73:37. | 63.01 78,16 
1912 6.32 69.39 © 68 ,28 78.31 
66.09 77 24 

67 .83 15.90 

64.11 76,72 

10,20 76,60 

74,53 15.91 

I9th5 25 fe 

19 ° 

21,93 91,01 

76,66 93 .30 

| 74,87 93 49. 

18.2f 93,00 

34 45 93 83 

eee9e8 9 9 

econ 94.81 

| 87 .06 95,12 

seas 94.62 
: seeds | 95.70: 

1/ From annual revorts. 2/ Supplied by C, H, Benedict, 
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Losses of Oxide Copver in Flotation Tailing., ~ Although rapid advances have 
been made in recent years in recucing the tailing loss of sulphide copnver, very 
little has been accomlished in improving tue recovery of oxide copper by flo- 
tation methods, Recoveries of oxide copper must, of course, be interpreted 
broadly owing to tle difficulty of accurately determining the sulphide and oxide 
copper contents in heads and tailings by chemical methois. Present recoverics 
of oxide copner contained in feeds to flotation plants range from about 15 to 60 
percent; most concentrators report a recovery less tiunn 4O percent for 1929 and 
1930, Past attompts to recover oxice copner by the use of a sulphidizing re- 
agent nave generally been eZfective, The Inspiration Consolidated Copver Co, 
solved its problem of mixed culynice end oxide ore by a leaching method using 
sulphuric acia ard ferric sulphete as solvents and elcctrolysis for recovery of 
copper from solutions, Th.c dual process consisting of crushing to about 1/le | 
inch size and lcachinz with sulphuric acid for the recovery of oxide copper fol- 
lowed by grinding the leached residue and floatine for the recovery of the sul-~ 
phide copper was also considered and tested at Inspiration but was rejected in 
favor of direct leachinz, A »rocess cuch as is used at Insviration, however, is 
not applicable to flotation tailings or to an ore in which the conver sulphide 
occurs as chalcopyrite; furthermore, the initial plant cost for svch a process 
requires ore bodies svuificiently large to justify the expenditure, It is under. 
stood that e:perimental worl: is being carried on at two Southwestern concentras 
tors to recover both the sulphite and oxide conper by flotation methods, The 
oxide conper is dissolved with « suitable reagent, and the copner is precipi- 
tated wit: sponge iron as cement copner which is subsequently recovered by flo~ 
tation, unis general plan was tried exnerimentally some yeers ago at one of the 
Southwestern plants but was not adopted then due to mechanical difficulties and 
to citficulties encountered in tie floatinz of cement copper. 


Trencs in tne Cost of Concentrating 


Concentratin,; costs at tyvicnal plants in dollars »er ton of ore treated 
from 1911 to 1970, inclusivs, are indicated in-table 3, The installed normal 
capacity in 1929 is given for esch mill. 


Tne vdject in presenting tlicse data is not to comare the costs at dif- 
ferent plants as such a comparison would be of little value unless the unit 
costs for pover, lebor, and sumplies and operating conditions at each plant 
were given in detail. The Tisures are presented to show cost trends at each 
concentrator over a period of years and to indicate the effect of plant capacity 
on operating costs. 


In general, concentrating costs per ton of ore treated decreased from 1911 
to about 1914, From 1914 costs increased and reached a peal: in 1919 or 1920, . 
The latter period marized the introduction of flotation methods involving the 
cost of reazents and a constantly higher cost cue to finer grinding together 
with abnormal conditions curing and immediately following the war, Since 1919 
to 1920 costs have snown a downward trend reaching a minimum during 1929 to 1931, 


It is interesting to note thet for each of the first three plants listed in 
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table 3 the low vnoint of the downward treud, reached between 1929 and 1931 was 
well below the concentra ae cost per ton of ore in 1911. The increased concen~ 
trating cost at Calumet ¢: Hecla-in 1530-as corpared to that in 1911 is due to 
tne fact that the 1970 cost includes arditional treatment of gravity tailing by 
regrinding, tabling, separation -of san's and slimes, leaching of sands and flo~ 
tation of slimes. aa : 

Besides the usi.1 Dariations in costs of labor, power, and supplies over a 
considerable eer of vears certain changes. Lowe talcein place in tre concentra~ 
tion of copper ores since 11d aici’) heave influenced the cost per ton of ore 
treated, OF these the most inportaat is peu pues increase in plant capacities 

gained nartly by the construction of adeiti nal concentrator sections to existing 
plants, but chiefly by a miurlcsd:inercase in — ‘capacities of separate units or 
sections owing to advances in methods ard cquipment which have inereased the ef~ 
ficiencies of crushing, grindi:- flotat: on, ond Ceyatering operations, A few 
comparisons of installed plant capacities in 1910 and 1911 with those in 1930 
follow, The combine normal rated eanacity of the Utah Copper Co, mills has inw 
creased from 9,000 tons per dav:in 1910:to 50,000 tons per day in 1929. At Miami, 
the normal rated canacity has increased: from 2,500 tons per day in 1911 to 
17,250 tons per day in 1930. ‘At UayGen:-availeble capacity has increased from 
about 7,000 tons ner day in 1913 to 12,900 tons per day in 1928, These capacities 
are for size of grinding that: produces normal metallurgical results. With coarser 
Grinding and corresponding sacrifics in: BOCOVERY Utah has operated at a peal: 
cavacity of about 69 ap tons per day and Hayden has capacity to treat about 
16,000 tons ver dey: ntl) ine describing the develovment of concentrating 
methods with special ae to increase in concentrator section capacity af 
Miami states: : 


—% 


The period of operation of tie Miani concentrator, 1911 to 1530, has 
been one of great provress in metiods of treating lowezrade copver ores, — 
During this period tne compcny has seen the passinz of the smallecapacity 
mill operated by gravityeconcentration iictruods and the gradual development 
of a process embodying all~flotation methods with greatly improved crush- 
ing, grinding, classifyin;, and flotation equipment, It is of interest to 
note that the caoacity of the Miami plant has been increased from 2,500 to 
17,250 tons ner day and tiie ‘increase of capacity has not only been ac- 
commédatéd!in tic original. buildin: but et present only about 65 percent 
of the original floor s»:.ce is in use, 


At the New Cornelia concentrator tix. cnvacit: of each section has been in- 
creased from about 1,°90 tons ver cay to anproximately 1,875 tons per day, with 
finsr grinding at present tian was outained under the!old conditions, 


Hunt, H, D., Millin, Motnode and Costs at the Concentrator of the Miami Cop 
per Co., Miani, Ariz.: Inf, Circ, 6573, Bu.caa of Mines, 1932, p. 18, 
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The general increase in séction capacity has ‘ta’ren place mainly since 1924 
and has ee accomplished larzély by (1) introduction of the core crusher; (2) 
finer and more wniform size feed to the grinding mills, larger size srinding e:¢ 
classifying units, substitution of balls for rojs, and:at some plants increasir: 
the speeds of ball and rod mills; (3) introduction of the lime~xanthate~—pine oi! 
circuit in flotation, which increased the speed of flotation operations; de=— 
pression of pyrite whith decreased the amount of material to be floated: (4) 
dropping of pyrite and the use.of lime,. both of wnich have contributed to increx 
dewatering capacity per ton of sill feed, the former by increasinz concentratioz 
ratios and the latter by producing faster ee pulps and pulps which were 
more readily filtered, 


The direct effect of increased ‘section cavacities has been a mar'zed increzs: 
in tons of ore treated per mansshift with a corresponding reduction in operation 
labor, renvair labor, and overhead costs per ton of ore concentrated, 


Power consumption exvressed in- kilowatt-hours per ton of ore treated has on 
the whole increased somewhat in grinding operations due to the much finer grind- 
ing at present, In flotation, however, the pover consumption exvoressed in kilo- 
vatt-hours per ton of ore treated has on the wnole decreased due to the faster 
floating conditions in present »nractice and at many plants to the use of matless 
or revolvinge-mat flotation cells. During the vast fey years there has been a 
asrked reduction in unit nower costs due to cheaper:fuel and increased power-~ 
ylant efficiencies; this reduction has amounted to as high as 4O percent, The 
combined effect of these factors on: the cost of ROWES per ton of ore treated hes 
2cen a marled reduction since 1929 or 1930. 


Simplification of flow sheets hns assisted the reduction of concentrating 
costs over a long period, Decrease'in the numberof crushing stages by larger 
reduction ratios and elimination of gravity methods in concentration have re- 
duced the number of machines in flow shects, However, the tendency. towards 
simplification of flow sheets, except in crushing and dewatering operations, has 
apparently been reversed at some plants in the past few years, In grinding 

operations tne trend at some remodeled plants has been towards an increased nmr 
ber of grinding and classifying stages; this trend also is evident in some flo- 
tation operations, especially the number of roughing stages, The grinding of 
middlings and concentrates and the re—treatment of the ground products tend to- 
ward more comblicated flow sheets, although the tonnace is relatively small as 
compared to the total’ contentrator feed, The‘ separation of primary slimes in 
the concentrator feed and: their. senarate treatment at some plants tends toward 
complexity of treatment, Ahy complication of »rocess in late years has, of 
course, resulted either ih improved metallurgical results or savin;s in power 
Or supplies per ton of ore treated and is not comparable to the comolex flow 
sheets of the days before flotation when neither simplicity of flow sheet nor 
‘high metallurgical efficiencies were realized, 
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Crushing 


Tne outstanding develonment in mocern crusnins; practice is the success of 
the cone crusher and its general ado»tion.in. concentrator flow sheets. A tabu- 
lation of 23 crushinz plants showed that come crushers have been installed at 
16 of them; furthermore, this maciuine has.been installed in all recently con- 
structed, large-tonnaze crushing »lants handling copper ores. A comparison of 
crusning plants overating witn the cone crusher. and those operating without it 
shows that the averace size of tne finished crushed »roduct is less in the former 
and that the number of crushing stages. has. not. been increased in obtaining the 
finer product. At many plants tne size of finished product is finer although 
the number of crushing stages has been recuced by the introduction of the cone 
crusher, — 


A further study of plants indicates that crusning practice is rapidly becom 
ing standardized in that ore at preset is usually crushed to about 1/4 inch 
maximum size in three stages, irrespective of the maximum size of feed to the 
crushing plant, In the standardized vractice the first stage comprises the usual 
gyratory or Blake-tyne crusners preceded. by a grizzly to by-pass the fines; the 
second reduction is effected by a cone crusher and the third by rolls, the latter 
usually operating in closed circuit wita vibrating screens, 


The advantages sained at the New Cornelia crushing plant of the Phelps Dddge 
Corporation and the crushing plants of the Utan Copper Co, and Cananea Consolida~ 
ted Conner Co, by the installation of the cone crusher are tynical; descriptions 
of changes in crushing: onverations at these plants follow, 


The original New Coinelia concentrator of five sections nad capacity to | 
treat 1,200 tons of ore per section until 1928, when changes in crushing, gring. 
int, and flotation practices increased the canacity to 1,875 tons per sechion.<o/ 
Important chanzes in the crushing department added avproximately 240 tons per 
day to the capacity of each concentrator section or about 35 percent of the total 
increase in section canacit;, since 1928. In 1928 crushing New Cornelia open—pit 
hard ore to anproximately 1/2-inch size was cone in four stases, as follows? 
Gyratory crusher to 6 inches, secondary syratory crushers to 2,5 inches, disk 
crushers to 1,25 inches, and rolls overated in open circuits to 1/2 inch nominal 
size, In 1929 cone crushers were installed, replacing the secondary gyratory 
and dis'c crushers, The rolls vere placed i: closed circuit with vibrating 
screens having 1/4—inch openin.js., A commerison of 1928 and 1932 methods and 
results follows. 


20/ Supplied by M, Curley, mana,er, New Coruelie Branch, Phelps Dodge Corvoration, 
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Cost of supplies per ton of ore crushed eee. 


In summarizinz chanzes in New Cornelia crushing practice, Curley states 
that installing four 7-foot cone crushers and operating the rolls in closed cir- 
cult with vibrating screens reduced the size of the crushing plant product as 
indicated in the vreceding tabulation, which in turn incrensed the canacity of 
the srinding units by CO percent. 


Cl : 
Martin, <// in describing tie chaiges recultiny from tue adoption of the 
cone Crusner in the Arthur and Mezne abs of the Ubch CornperCo., states: 


Up to 1929 the no, 27 srratory crusher product of both plants pass- 
ed through no, 7 1/2, no. 8, or no. 9 gyratory crushers, where it was 
reduced from borne to 4-incii maximom size, then through two stages of 

Tus by 20— or 5ue by 20-inch Garfield rolls in closed circuit with screen- 
ing towers, the screen undersize product containing aboroximately the same 
sizes as the Symons crusner product prodéuced at present, (i.e., about 4 
percent: plus 1 inch), In 1929 four 7~foot Symons cone crushers were in— 
stalled at each plant, and tlese crushers reduce the 6-inch material in 
one pass to 3/4. to 1 inch size, thus eliminatins 9 small gyratory crushers 
and 14 sets of larze rolls. : 


P1/ Martin, H. &., Milling Methods and Costs at the Arthur and Magna Concen~ 
trators of the Uten Covner Co.: Inf. Circ. 61:79, Bureau of Mines, 1931 
Dw 6 
jv @ e 
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The advantases cained et treve rilis be installing cone crusiers, accord 
ing: to Martin's a eee aves (1) sit. ae aontion af tne crashing flow — 
sneet by a 5 to 1 reductior ratio in cone crashers, this reduction formerly re= 
quiring three sta.es; (2) installation of the lnvcer-capacity coneecrusher units 
which eliminated many suellecapacity crushin,; units formerly user. Cost of 
crushinz to aoproxinately leinc: size in 19¢5 at Utah Coover Co, mills having an 
average daily cavacit: of aboyy , 311,900 tons, before tne installation of the cone 
crusners, is siven by: Pagartse/ a8 30. 045 30. ver tons; in 1929, arter the installa-~ 
tion of cone crusiers, the cost w.s $0,0197 ver ten according to Martin for 1 
month's operation with a daily cnvrcity of ebort 43,500 tons, 


A. T. Yye, ascistait conesntrator sujerintondent of the Cananea Consolidated 
Copper So., supplied the follovving infosmation Concerning the remodeling of the 
crusniing plant at Cananea in 1931, Forusierly « reduction fro: a maximum size of 
15 inches to a nominal size of 11/2 inches vas ‘effected in tvo staces; first the 
ore was crushed to 3 1/2 inches in a gyeatory, tucn it was further reduced to 
1 1/2 inches by two Cis’: emushners, A cena lic, screen with leinch openings preced- 
ed tne dis crushers, The plant es reuodeled consists of two identical units 

each equipved with a eriesly ueving Ieinch succes, one no, & gyratory crusher, 
one Ye by 7=-foot vibratin’;; ccreen with 3 /ueinch oveiinss, and one 5 1/2-foot cone 
crusuer, The vibrating~screen undersize AZiC. cone-crusier wroduct, 5/8 to l-einch 
nominal maximum size, commrise tne feed to the ¢riiding mills, A comparison of 
the operating results of there to Dlants follows 


Rolls 


Tne use of rolls in thie final crusiin,; sto’;e is almost general in current 
practice at commer concentrators, A study of trie 23 crusning plants in the 
United States, Canada, and Mexico previously :1.tioned showed that rolls are 
used in 1% for the final ervsiiic: ow vation mia, of the latter, 16 operate the 
last roll stase in closed circuit with sersens, tims providin:: a uniform maxi- 
min size of feed to tie crinlineg ruits, 


Modern roll wractice frvors lexre tieci.iuc-s, 72 to &0 inches in diameter, 
operated at high speeds wicer cnolce crusiin; coicitions with heavy circulating 
loads (as much es 500 to 699 percent of initicl feed) betwéen the rolls and the 
screons which folloy tnem, 


i] 


Costs of coarse and inicrmediate crmsiiic are gziven'in table 4. Table 6 
includes povrer cousuied tu coarse ead fine cmishing and table 8 labor for typi- 
esl crus..ing vlants 


wo 2! 


is re aera a — eset . & e a 
Grist ana Va GLO eee on 1Nn.: 
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A summary of 25 conver-concontrator grinding flow sheets in the United States, 
Canada, and Mexico slowed trot sin le-stae criading circuits were used at 9, 
double-staze at 15, and tnreeectace at 1, | 


Sort, Ae-Le¢ 2eim000. Of Ore vresciic: John Wiley é Sons, Inc., New Yorx, 
1327, De GO. 
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Comparison of performances of old and new crushing plants at Cananea 


(Old crusning plant, |New crushing plant, 


-l gyratory and 2 e syratory and ~ 
- disk crushers, ° e cone crushers, 
first half of 1Ye last helf of 1931 
Number of crushing stages ecoecteeces ‘= 2 
Number of screening stages conccccces 7 1 2 
Maximum size of feed ~-— inches ‘..... 15 15 
Maxinum nominal size . 
of product do Torre ae Life 3/4 
Sppacity --~ Tons, per. howl 085.6 «ck ec 220° 600 
Power consumed for crushing and | 
conveying ---------- lew -hr, per toi 1,051 1.129 
Power consumed for crind- 
ing and classifying do 7.058 6,801 
Power consumed for crush- 
ing and grinding do 8 [09 1930 
Tons crushed per man—shift .....cecced:' LOO 343 
Cost of crushing and conveying, 
VEX” LON. chosew nies SiR eee ee ee eet $0 .05%7 $0 024 
Cost of grinding and classifying 7 Tass 
per ton eeecvuevve80tee0e@ eevee eeveeeeeee ee & Olu =} A617 
Cost of crushing ant. grinding + 
per ton 6S: 6 6168) 6 6 Oe Oe @ OO 8 O88 ee ee 2 (2s “1861 


17 In addition to »vroviding finer feed to grinding units, the speed of ped 
mills was increased from 16.5 to 1€.5 r.p.m., thereby increasing capacity 


of rod mills by 10 percent end accounting partly for decreased grinding 
cost, ; 
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Single-stage Grinding Circuits 


At 9 concentrators using: single-sta ce e grinding circuits, 6 used ball mills, 
2 overated rod mills, and 1 (the Calunct & Hecla eons omenate mill) retained 
pebble mills due to the hardness of the material handled, 


Typical examples of single-stnze circuits are given in fisures 1 and 2, At 
the Hayden plant of the Nevada Saas Co. (fiz. 1) the product from 
the crushing plant is received by a preliminery bowl classifier which delivers 
sands to the ball mills and overflow to letation: Tae ball mills aze operated 
in closed circuit witn single-stage rale classifiers which return the sands to 
the ball mills and deliver overflows to flotation, The crushing plant product 
contains about 52 percent minus 10%=mesh; the vreliminary bowl classifier re- 
moves about 45 percent of the new ore feed prior to zrindin:, 


Tne flow sheet of 1 of 16 grinding sections at the concentrator of the In- 
ternational Wickel Co. is given in fisuwre 2, In eacn section a bowl classifier 
operates in closed circuit with a red mill, The crushing—plant product is re- 
ceived by the classifier; fines are therefore removed prior to grinding, The 
crushing=plant jroduct is minus 9-nesi aid contains about 25 percent minus 100~ 
mesh material, . 


Two-stasze Grinding Circuits 


In the primary circuits of 15 double-staze grinding circuits 11 contained 
ball mills and 4 overated with rod mills; in fae secondary circuits eee used ball 
mills and 1 retained the rod mill, 


Typical guar of twoestaze srindings circuits are given in figures 3 to 5, 
‘inclusive,’ At the United Verde concentrator (fiz. 3) the crushing-plent product 
is fed to two Sa ball mills wiuich are operated in parallel and in closed 
circuit witn race classifiers, The combined primary classifier overflows are re~ 
classified in a bowl classifier which operates in closed circuit with one secon- 
dary ball mill, The United Verde concentrator feed comprises schist and massive 
sulphide ore, The dissemination of the sul»vhides in the gangue of the schist is 
such that grinding to minus 65—mesh is sufficient to effect liberation, but the 
association of the chalcopyrite with pyrite and max pee is very fine, especial- 
ly in the massive sulphide ore, -uzzell and hepeeres describe the results of 
large-scale grinding tests on United Verde ores with single- and double-stage 
grinding circvits and state that relatively fine grinding of all the ore, as dis- 
tin-uished from regrinding , of concer.trates (practiced at the Miami and Britannia 
concentrators) is essential, or at least that initial grinding should be carried 
rach further than is customary where regrin@ing of the concentrate is done, They 
state furtier that tyo-stace crindinz on United Verde ore is more efficient than 
single-stage grindinz, as indicated in the comparison which follows, 


23, / Kuzzell, C. B., and Barker, L. M., Milling Methods and Costs at the Concen- 
Pratonior tie United Verde Comper Co,, ee Ariz.: Inf, Circ, 63), 
Bureau of Mines, 19730, p. le. 
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“ aaa tn ee eee a carr 
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Sidcle-SteGe ves ssecoceovssee| 1,200 | 840 | 11.4 
: | 
i 1,250 - 10.6 
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At tue Conrer Gieaa concentrator (fig. 4) the vrimary circuit consists of 
rod mills ooerated in owen circuits: they receive unscreened fecd of nominal 

1 3/4-inch moxLuum sise :rd celiver tie eround vroducts to bowl classifiers. 
The seconcary cireuit couprises ball ‘mills operated in closed circvit with cree 
classifiers. ‘VYittenws and Cromer ,£5/ in rez ferrin, to tne coarse feed handled 
by the sriviing cirenits, state toat general practice favors a finer feed for 
the srindias mills but that unfortunately Copper Queen ore bodies lie in the 
Crainaze re;zion of a considerable watershed. rete the rainy season much dif=- 
ficulty is eucountcred in crusiuin; even to the coarse sizes noted, and procuc= 
tion would be nractically nil if @iner crushing were attemted. 


Prior to 1983 coth primary and secoudary grinding at Conper Queen was done 
in rod mills. Wittenacu and Cramer state that extensive testin of Copper Queen 
orec indicated that boll mills were considerably more efficient for closed-cir- 
cuit-grinaing. The secondary rod inills were therefore converted to bell mills, 
retaininz tne sane syeed es wner operated with rods. Short-wave liners replaces 
long-wave liners, hizh-certer Cischarge replaced low-center discharge, .and 3 1/2: 
inch chilled se:istecl talls replnced S-inch, hizh-carbon steel rods. 


Copver Queen concentrnting ore ccnteins corper, mainly as chalcocite, 
wiaich is very finely associated with ryrite in a siliceous gangue. The classi~ 
fring and £ grinding arranse:crt used produces a secreation of prirary sline in 
the overflow of tue bowl classifier, which Witteneu and Cramer state is of de~ 
cided adventege in allowing senarate treatment of primary slime by rlotation. 
Another acvantage in the arrangement is that the chalcocite-pyrite combination 
sezrezated in tue secondary grinding circuit allowing the letter to be used 
primarily in freeing ckalcocite from pyrite. 


Altnoug: the Conner Queen primary grinding circuits have been operating in 
open circnit, Wittenau and Crauer state that large-scale test worl: hes irdica~ 
ted that tne tonnage Lendled could be increased 10.0 percent br the use of 
primary circulating clessifiers. 


e4/ Wittensu, K., and Cramer, W. B., milling Methocs end Costs at tne Copper 
Gueen Concentrator of the Phelps Dodge Corporatior, Bisbee, Ariz; Inf. 
Circ. 6404, Bureau of Mines, 1921, pe &. 


17388 ~ 24 = 


Google 


I. ©. 6792 
Tuc use of a prelininar,; classif,ing staze in a two-staze grindin. cir~ 
cult is illustrated in te flow sheet of tue Artiar plant of the Utah Copper 
Co. (fig. 5) which corprises tvo preliminary bowl classifiers producing over- 
flows for thickening and tlotatioi awd sands for feed to one primar’ ball mill. 
Tas ground product of tae »rimory mill is distributed to 3 draz classifiers 
waiich operate in closed circvit with S secondary boll mills... 


Toree=st.7¢ Grincin:; Circuits 


Tae iiiarai corcectreto. is the onl nlant of the 25 ara that uses 
turee stoze initial grinding. FPreliainury classifying (fiz. §) is followed by 
ora? SPinudiag with tell mills in vertly closed circuit with circulating 
Gras; classifiers; secondary ¢rinainzg is done with ball mills in closed circuit 
Wit. circulating drag clessificrs and tertiary yrriuding hy ball mills in clos- 
ead circuit witn bowl classifiers. The bowl classifiers of the tertiary grind- 
ing cirenit also act &és finisrins clussifiers in tiat they receive te over- 
flow products ot all precedins classifiers end hanale all tne feed to the sec- 
Gion, thus controllins the cxaracter of tue fivwl ground product delivered to 
tne flotation machines. In ecdition to the three initial grinding stazes des- 
crived, grinding circuits also are rrovided for the regrinding of concentrates 
end widdlings produced in the odulk flotation circuits. 


Dorr and Harriott! in their Sacer aes senibiie grinding and Mpacierite 
arrangenents at 9 copner concentrators Zive many interesting comparisons show~ 
ing recent progress at these plants iu increasing the efficiency of grinding 
cperations. In conclusion they present a suggested grinding circuit as fol- 
lovrss | 


It is evident fro exanininz Sese sections (the nine flowsheets 
used to represent modern grinding practice) that no two properties have 
developed along quite the same lines and tnat no single flow sheet can 
be said to represent the optimun of present practice. This is inevita- 
ble since each concentrator hes bad its own particular ore-dressing 
provlems, modified by existing oe SO UE ORS: 


As a means of summerizing “**, however, a generalized flow sheet 
*** (is presented) which may be regarded as a composite picture of 
Gevelopments to date. *** Data exist to prove the value of each of. 
tie steps of this flow sicet at onc or more concentrators. 


Dorr and Mcrriott's susyested flovy sheet comprises three grinding stages, 
the last designated as a mineral . srind. The primary grinding stage 1s a clos- 
ed-circuit operation. Five classifying strzes are provided, including pre- 
liminary and intermcdiete classifiers and the three circulating classifiers of 


Dorr, J. V. Kw, and Hurriott, a. D., Importance of Classification in 
Fine degree Willing Metiods, 195C:; Am. Inst. of Min. and Met. Engrs., 
p. 143. 
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She three grinding stages. Tne last circuletirz classifier acts as a finishixz 
classifier in addition to its closed-circuit function. The internediate and 
finishing classifiers are of tue Gouble-stage bowl type, wiuile tie otners ate 
sinzle-staze rake machines. Provisions are made ‘to by-pass 211 fines in the 
crusnins-plant product to the intermedicte classifiers, to reclassify the over- 
flows from the first two grinding stages in the intermediate classifier, and to 
Classify the total feed in the finishing classifier. | 
| 


The number of stages and arrangement of machines provides for (L) confir- 
ing tue range of reduction in each grindinz stage; (2) removing and by-pa.ssing 
fine material, thus relieving the grinding circuits; (3) sufficient classifier | 
canacity not only to relieve the grinding circuits but also to increase the 
efficiency of classification by two reclassifying operations, the last of which 
is designed to drop sulphides, notably pyrite associated with copper sulphides, 
for a so-called “mineral zrind"; and (4) final control of flotation feed by one 
maciuine. 


) 


The flow sheet of grinding at the Miami mill (fig. 6) approaches the flow - 
sneet suggested by Dorr and Mariott; in general, increase of classifier capaci- 
ty nas been tue rule in remodeling grinding units at copper plants in recent 
years, preliminary, intermediate, and finishing classifiers having been install- 
ed in many concentrators to relieve the grinding circuits of fine material or 
to increase tue efficiency of classification. On the other nand, recently con- 
structed concentrators, including International Nickel, Flin Flon, Sherritt 
Gordon, and Noranda, have relatively simple grinding flow sheets in that three 
have one grinding stage and tle fourth has two grinding stages; three have one 
classifying stage, while the fourth has two classifying stages to provide 
aeration between grinding and flotation operations. 


Table 4 gives costs of grinding and classifying operations at copper con- 
centrators, ‘table 6 power consumed for grinding and classifying, and table & 
labor for. typinal grinding sections. 


Flotation and re . 


In the summary of flotation operations at copper concentrators 24 of the 
larger plants were considered, of wnich 16° were in the United States, 2 in 
Mexico, 5 in Canada, and 1 in Cuba. The total tonnege handled by the 16 con- 
centrators in the United States accounted for 90 percent of the total copper 
ore concentrated by flotation in the United States in 1929. The total in- 


stalled normal daily canacity of the concentrators considered Was 180 , 900 
tons. , 


Flotation Mechines 


Of the total installed capacity considered (180, 900 tons)68,450 tone per 
fay was for all types of mecnanical-agitation machines and 112,450 tons for 
all types of pneumatic machines. The mecnanical-agitation flotation equipment 
included straight mechanical agitation, subaeration, and mecnanical air 


Go gle 


Gverfiows from twelve 22-foot intermediate bow! classifiers Over floes from seventy-tuo 17 Lefont secondary drag class: fiers 
One 225-foot Dorr thickener 


Thicke pulp Over flows 


Feed te flotation, 27,000 to 1,000 tons per dag, ground 9.6 percent plus 100-mesh To will line 
and 62.5 percent mitus D0-mesh, 26 to 28 percent solids 


Sixty 8-call nechanical—air rougher machines 


Tai ling Concentrate 
Waste Sixty 2~cell atchanical-air primary cleaners 
Middling Concentrate 
q ate 
Six 75-foot Dorr thickeners Sixty single-cell secondary cleaners 
Thickened pw) Overf! Finsghed concentrate, wi 
ila ta aed el as 2 percent solids : 
Naste Four bucket elevators 
Tao 75-foot thickeners 
Overfloe Thichened pule, $8 to 65 percent solids 
Elev. 
| Six 13-foot, Sleaf, Averican filters 
Filtrates Filter cake, ‘v 10 percent moisture 
Can 
Settling ponds to 
wv Rai lroed cars to sme! ter 


Or ained and cleaned ovt once @ year 


Figure 7.- Flow sneet of flotation and dewatering at the Magna ail! of the Utah Copper Co. [After Martin, H. S., Willing Methods ane Costs at 
the Arthur and Magna Concentrators of the Utah Copper Co. taf. Circ. 6479, Aurea of Mines, 1931, 25 pp.! 


~ 


Over flows fron 8 primary and 8 secondary classifiers of grinding circuits tonditioned separately, 
then combined and distributed to flotation roughers, ore ground to 2.2 percent plus 65-mesh and 72.5 percent minus 200-megh 


6 to 8 stationary-mat, 2-cel!, pneumatic roughers, each of 1,500 to 2,000 tons capacity 


Concentrate Tailing 
Ww w 
6 to 6 stationary<mat, single-cell, pneumatic cleaners 6 to & stationary-mat, 6-cell, secondary roughers 
Oe . : 
Concentrate Mi ddling Concéntrate Tatling 
v 7 SF 


One 6-foot cone tank Waste 


Coarse concentrate 
v 
Bins 
Coarse concentrate 
pulp 


4—ton Gentry crave Over flow 
v v 


Railroad cars. One 78-foot thickener 
: : Buck et elevater 
‘ne of thee 12- by 12-font 


ce 
Oliver filters or ene 14 by 14- 


Returned to ait! circuit | feot allt fitter 


Filtrete Filter cake, 
12 ache aoisture 


Railroad cars to enelter 


Figure 8.~ Flow sheet of flotation and desatering at the Hayden wil! of the Nevede Consolidated Copper Co. (After Gores, ¥. 1., Concentrator Methods 
and Costs at the Hayden Plant of the Nevada Consolidated Copper Co.: Inf, Circ. 6242, Gereay of Mines, 19%, 25 pp.t 
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macnines. The pneumatic cells comprised stationary-mat cells of the Callow type, 
rotating-mat cells of the McIntosn tive, and matless cells such as Forrester, 
Miaui, and Soutuwestern inecnhines. The ifogna and Arthur concentrators of the 
Utah Copner Co. accounted for 5C,0C0 tons of the 68,450 tons treated by the me~ 
chanical-agitation machines, leaving cnly 18,450 tons for all other concentra- 
tors using this type of machine. 


. Mechanical-azitation machines,- The mechanical~agitation machine is used 
at the Magna and Arthur concentrators of tue Utah Copper Co., at the Flin Flon, 
Sherritt-Gordaon, and United Verde concentrators, at the Anaconda plant for the 
treatment of ground sands after removul of slimes, and for primary flotation at 
the Calunet & Hecla and Engels concentrators. 


~The flow sneet of flotation treatment at the Maczna concentrator is given in 
figure 7; it comprises one staze of rousgning in 8-cell mechanical-air machines 
and cleaning of rougher concentrate in two steses. Overflow pulps from the sec~ 
ondary classifiers of tie grinding units ere thickened before joining the primary 
Classifier overflow pulpsfor flotation. Middling pulps from the cleaner flota- 
tion machines are also thicixened before being returned to the head of the rougher. 
Circuits. Tle power consumption for flotation at the Utah Copper Co. plants for 
April 1930 amounted to 4.92 lw.-hr. per ton of ore treated comoared to an everere 
of 1.77 kw.-br. per ton at concentrators using pneumatic-type machines. Martins6 
in commentins; upon the retention oi meciwnical-air cells at tie Utah Copper Co. 
mills states that an experimental flotetion plant is maintained at the Arthur 
concentrator where many types of flotation machines, including a 400-ton unit of 
the matless pneumatic type, Fave been tested on full plant scale and that the ~~ 
results of these tests, using macnines more economical in power than the mechant= 
Ccal-air type employed at Magna and Artiur, have not shown any over-all saving 
from the standpoints of metallurgical results and consumption of reagents. 


Pneumatic machiness~ The Callow-tyne machine accounted for 11.1 percent, 
the McIntosh for 14.4 percent, and all matless pneumatic cells for 36.6 percent 
of the total installed flotation capacity at the 24 concentrators considered. 


The three types of matless cells used in current copper-concentrator prac- 
tice ~ namely, the Forrester, Hunt-liiami, and Southwestern ~ are usually desig= 
nated individually and accepted as distinct types, but it is understood that 
tne patentees have pooled tueir interests and that all three types are now con= 
trolled by the same company. 


Trpical examples of pnownatic machine installations are yiven in figures 
8 to 10, inclusive. 


26/ Martin, H. S., Milling Methods anc Costs at the Arthur and Magna Concentra~ 
tors of the Utah Copper Co.: Inf. Circ. 6479, Bureau of Mines, 1931, 25 
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Flotation at the Heyden concentrator of the Nevada Consolidated Copper 

Co. is effected in two roushing stases employing tue stacvionery-mat-trpe machire 
with single cleaning of primery rovwher concentrate. (See fig. 8. ) Seccndery 
roujrer concentrate and cleaner middling are returned to the nead of the el 
vion circuit. Power ccnsumption for flotation at Hayden, including p ad lee 
oe Ylotation circuit, amounted to 1.76 kw.-hr. per ton in 1928. Garms states 

tiat stationary-mat tipe cells were retained at Hayden after very thorough test- 
ing with a matless machine of the multiple-nipe type as it wes found that the 
foruer produced sligntly better metallurgical results when treating Ray ores. 


Figure 9 gives the flow shect of the flotetion circuits at the concentratcr 
of tne International Nicltel Co. The separation of about one half of tne coprer 
in the form of chalcopyrite is obvteained by selective flotation in the presence 
of pambbncite and pyrrrotite in two roughing stages with double cleaning of cor 
bined primary and seconaary rougher concentrates. The finished conper concen- 
trate centeins approxiuatelv 25 percent of copper end 1.25 percent of nickel. 
MacDonelZ2/ states that the cooper concentrate is floated in the presence of 
pentlandite and pyrrhotite by crowding the rougher macnines and using mini:mum 
ss1ounts oi reagents none of which is directly intended to depress either pert- 
lanuite ov pyrrhotite. 


After the coprer concentrate is removed, pentlandite and most of the re~ 
mainiagz chalocopyrite are floated in three rougking stages end cleaned; this 
produces finished niclkel-copper concentrate. The flotation tailing is passed 
over scavenger tables to recover all sulphides, especially pyrrhotite, as 
pyrrhotite cannot ve rejected witnout serious losses of nickel and precious- 
metal values. 


MacDonald, in cormentinz on the installation or the rotating-mat machine, 
states further; 


The use of pnewnatic flotation machines on such heavy sulphide ore 
as this would perhaps not have been considered feasivle a few years ago; 
but it is believed that with the tyre of cell employed throughout tris 
mill fully ac good metallurgical results will be obtained as twough 
mechanically agitated machines were used. The power requirement for these 
cells is low cononred with that needed by mechanically agitated macnines 
of equel capacity, and the mechanical unkeep also promises to be small. 
All cell rotors are driven at 15 r.p.m. by individual 2-horsepover motors 

hrougzh reduction cears. Tle cells are intentionally overpovered to pro- 
vide for surge loads and to permit casy startins efter forced shutdowns. 

Tae. rotors are of pwiched sheet metal end are 9 inches in diameter. Perm 
ferated rubber blankets «re used as the porous inedia covering the rotors, 


27] Gonus, W. I., Concer.trator Motnods and Costs at the Mayden Plant of the 
Jovaan Consolidated Copper Co., Aric.: tIuaf. Cire, 624), Buresu oe oo 1¢00, 
Ge is 

20/ MacDonald, W. T., Selective Flotetion Mill-at Cepner Cliff: Enz. ‘and Lin. 
Jour., vol. 100, Nov. 10, 1930, n. 470. 
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Averflioes from 16 bow! classifiers, 
solids ground 1.5 percent olus 4B-mesh and 67.3 percent minus 20-mesh, 8,000 tons per day 


Copper circurts 
v 


Sixteen 20-foot rotating mat primary pneumatic roughers 


a. ' 
Concentrate a ng 


Sixteen X-foot rctating-mat secondary pneumatic roughers 


——_ 


Concentrate Taiting 
4 


Sixteen 12-foot -otatingcitc cary prevwmatic cleaners 


Middlirg 


Conner ro re ; 
ea te Nichel-copper circits 


Sixteen 12-foot rotating-mat secondary pneumatic cleaners 


Middiing Sixteen X-foot He biaN Sted primary pneumatic roughers 
---_—_-¢<——. 


Concertrate Tailing 


6255) So 
Sixteen 2-foot rotating-—mat Y PAamatic roughers 


—— 


Concentrate Tailin 
y 9 


Copper See 


Fint shed 


Six 20-foot rotating-mat ecavenger pnematic roughers 


Concentrate Tai ling 
48 Plet-O tables 


Siateen 12-foot rotating-—nat orimary pneumatic cleaners v L 


Concentrate Tar ling 
“wy 
Concentrate Beta Finished nickel--copper concentrate Waste 


Sixteen 12-foot rotatirg-—mat pneumatic cleaners 
Concentrate Niddling 


Finished nickel-copper concentrate 


Finished cooper concentrate Finished nickel-copper concentrate, 20 percent solids 
wy é 
Two 8 vy 1B-foot 4-inch auplex drag classifiers Four B- by 18-foot 4-inch Guplex drag classifiers 
Coarse concentrate Overflow Coarse concentrate, Overflow, 15 percent solids 


80 percent solids : 
Five $8-foot tray thickeners 


Two $S5-foot tray thickeners | ae ae 
e 


Thickened concentrate, Over flow 
Thi ckened concentrate Se a 50 percent solids + 


Return water 


Return 
Tao 14 by 16-foot Dorrco filters re ete Four 14 by 16-foot Dorrco filters 


Filter cake Filtrate Filter cake, Filtrate 
B to 11 percent moisture 


Figure 9.- Flow sheet of flotation at the concentrator of the International Nickel Co. (After Macfonald, W. T., Selective Flotation Will at Cooper Cliff: Fro. 
and Nin, Jour., vol. 130, Nov. 10, 19%, p. 465.) 
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the perforations of avproxinately 0.901l-incn diameter nuwaberinz about 200 
per squere inch. Although operating in a lime circuit, no perceptible 
interference with proper air distribution, such as might result from sur- 
face incrustation or blinding of nerforations, has developed. Flotation 
air at the blowers is at 2 1/4 pounds pressure, but the actual pressure 
at the cells averases slightly under 2 nounds, varying within narrow 
limits. 


At Miaai (fiz. 10) pvlk-flotation concentrate containing chalcocite and 
pyrite is produced in matless pneumatic cells. This concentrate is reground and 
treated ina S84 ctive flotation circuit for tie separation of chalcocite and 
ryrite. Hunt, in describinz tne control of flotation operations in the se- 
lective circuit at Miami, stresses the importance of asration before flotation, 
and among the conditions he gives for successful results are tiie following: 


Miami experience has -sicwn tint the rejection of most of the in- 
soluble content after fine srindinz is a simmle matter out that the re- 
jection of prrite without consiaerable deadening of the chalcocite is 
somewnet difficult owing to the fact that in high-alkeline circuits 
pyrite and cualcocite have very sinilar flotation characteristics. 


Lime is used to depress t..e pyrite, and careful control of alka- 
linity is necessary. The selective-flotation operation is effected in 
° pulp which contains water saturated with lime anc, in addition, un- 
Gissolved calciun oxide. It has been found, however, that if too great 
én excess of undissolved calciun oxide is present the selective action 
is not obtained. 


Other depressants, such as potassiwi or sodium cyanide, have not 
proved effective for the treatment of Iiiami concentrate. 


Thorough conditioning of the pulp is essential. This condition- 
ing not only requires afitation but also thorough aeration of the 
pulp. | 


Tire conditioning at hinmi is effected in tl:ree preagitator cells placed 
in series before the rousring operation in the selective circuits. The rough 
concentrate is aerated furtuer, before cleaninz, in four preagitator cells 
placed in series. 


Total power consumption for flotation operetions at Miami was 2.35 kw.-hr. 
per ton of ore treated in 1900. 


Performance of flotation mechines.~ It is difficult to present convincing 
data on the cc:isparative verformance of various tynes of flotation machines that 
are fair to all machines unless the figures so presented are obtained at th 
same plant under comparable conditions; the data presented herein, therefore, 
gsnuould be considered with tniis in mind. 

o9/ Eunt, H. D., Milling Methods and Costs at the Concentrator of the Miami 
Copper Co., Miami, Aric.: Inf. Circ. 6573, Bureau of Mines, 1942, p. ll. 
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A study of the operating data from ?4 concentrators treatinz copper ores 
with various types of flotation machines shoved porer consumptions as follows. 
At concentrators employing tlhe meclanical-agitation machine power consumption 
ranzed from 2.12 to 4.92 kvw.-hr. ver ton with an average of 4.75 lrw.-hr. per 
ton, whereas at plants using one cf the pnounatic-type cells nower consumotion 
ranged from 0.80 to 6.65 kw.-hr. per ton and averased 1.77 kw.-nr. The average 
power consunptions for flotation at plants employing different-type pneumatic 
macuines were 2.19, 1.31 and 1.81 kyw.-hr. per ton of ore treated for stationary, 
rotating, and matless types of cells, respectively. 


A further study of the data representing recent practice at copper concen- 
trators indicates that the matless-type cells are handling flotation feeds whic= 
are coarser on the average than feeds to other types of pneumatic machines. The 
average minus 200-mesh material in flotation feeds to statianury-mat cells at 4 
plants amounted to 67.7 percent compared to 60.0 percent at 5 plants employing 
rotating-mat cells and 54.0 percent at € concentrators using matless-type ma- 
chines. The plus 65-mesk material amounted to 6.4 percent for stationary-mat, 
4.6 percent for rotating-mat, and 12.9 percent for matless machines. ‘The screen 
analysis of flotation feed at the Britannia concentrator for July 1951 indi- 
cates tuat exceptionally coarse feed is being handled by matless-type cells. At 
this plant sanc fecd to the bulk flotavion circuit averaged 3 percent plus 28- 
mesh, 9 percent vlus 35-mesh, 20 percent plus 48-mesh, 31.5 percent plus 65- 
mesh, and 39.5 percent minus 200-n:esk in July 1951. 


At Britannia the Forrester machines used as rougners in the bulk-flota- 
tion circuit are equipped with 1/2-inch diameter air pipes spaced 2 1/2 inches 
anart for the first 20 feet and 3 inches apart for the remaining distances, as 
compared to standard 3/4-inch air pipes spaced 4 inches apart as used by - 
Forrester at the Old Dominion plant. At Britannia air consumption Was 45 cubic 
feet of free air per minute per linear foot of machine (9,000 cubic feet per 
ton of :ill feed) at 1.75 pounds pressure at the cells, and power for blower 
air was 1.24 kw.-kr. per ton of ore milled during July 1931. 


A tabvlation of flotation costs shows that the matless~type cell operates 
at a lower average cost than other types of flotation machines ool to Savings 
in vower, labor, and supplies. 

ne trend of present ‘practice indicates:a preference for one of the never 
types of pneumatic cells when the savings in cost are consistant with the metal- 
larzical rears obtained. 


t 


Control of io tation eOneeatiene 
The conditioning of the ore pulp with lime, control of reagent quantities, 
and the places at which reagents are added, form the basis of controlling flo- 


tation operations at concentrators that use BeneGy ere aes rer amernaee for the 
depression of pyrite or pyrrnotite. 
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Lime. - The usual practice in the treatment of sulphide copper ores is to 
add lime to tae grinding or crusiiing units. At a few concentrators wnere sand 
and slime are treatec separately ana where dilution of slime necessitates thicl= 
ening before flotation tne lime is added to the pulp after tiickening as undis- 
solved lime tends to segregate in classifier overflows. If t-e thickened slime 
Ls to be treated by selective methods and line used for the deoression of py- 
rite, agitating equipment for aeration and conditioning usually is provided be- 
tween tie trickeners and the flotation rougners. At some plants alkalinity is 
detersined by titration with standard acid; at otners tiie dezree of allzalinity 
exoressea as the pH value is determined. At Sherritt-Gordon and Noranda, soda 
asin ratuer tuan lime is used in conjunction witn cyanide and zine sulphate for 
the cenoression of pyrite, pyrrnotite and spualerite. 


Collectors. ~- The usual collectors employed at present in copper concen- 
trators are xanthate and aerofloat, tie forner being used more commonly than 
the latter. A small amount of collector end a nisi alkalinity tend to depress 
pyrite and yield a relatively niza concentration ratio, while a large amount 
of collector and a low alxeliniiy tend to float pyrite, yielding a relatively 
low ratio of concentration. As a rele, the collector is added to the ore pulps 
of selective copper-flotation circuits between tie srinding and flotation cir- 
cuits. he arnmounts of xanthate or aerofloat used at 21 concentrators ranged 
Sroi 0.017 to 0.409 pound and averé:;ed 0.076 pound per ton of ore treated. 


Frothers. - Pine oil ana cresylic acid are the usual frothing reagents 
employed at copper concentrators, tre foruer being used more generally than 
the latter. The frothing reazent is usually added to the ore pulps between 
the grinaging circuit and the flotation rouzhers, acditional amounts being 
eddcd as required in tne flotation circuit. ne amounts of frotuing reagent 
usea at 2] concentrators ranged from 0.040 to 0.350 pound and averaged 0.180 
pound per ton of ore treated. 


fiscellaneoug 
Primary Slime 


Sor some time it has been recognizea tuat the primary mine slime contain- 
éd in feeds to some coppcr concentrators is more difficult to treat by flota- 
tion than fres.ly ground ore. If the surfaces of copper sulpiide minerals con- 
tained in primary mine sliine are tarnished as compared to freshly ground sul- 
piside minerals due eituer to this condition existing in the unbroken ore or to 
exnosure in stopes or bins after brealtin.; in tie mine, then it appears probable 
tiat Flotation conditions could be varied to advantage in the separate condi- 
tioning or separate treatment of primary slime. Moreover, tne segregation of 
oxidized copper minerals in primary slime is well-known, and it mignt ve ad- 
vantaseous to treat the slime senarately for this reason. It is also general- 
ly accepted treat altnouzn the tarnished sulphides and oxidized copper minerals 
tend to segregate in the primary slime and the first slime produced in crushing 
and grinding, on the other nand, pyrite tends to segregate in the classifier 
cands of secondary grinding circuits especiall; when an open primary grinding 
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circuit ics emplcyec. Tne general conditions for the treatment of primer; and 
sccondary classifier overflows therefore differ in trat tne minerals of the 
primary classifier overfloy ere sliover in floating than these of tne scconcary 
Overflow containing freshly ground sulnhides; furthermore, the nresence of 
freshly ground copper sulphides and ea nigner nyrite content in secondary classi- 
fier overflows suggest a rapid flcating of the ccppur winerals if pyrite is te 
be depressed. At some concentrators flutation resalts have been improved re- 
cently by eitner separate conditioning or senarate conditionirg cand separate 
treatment of primary mine sliue :sors or less diluted by the slimes procuced in 
crushing; anc primary grindinz operatiouas. At other plants the results of lar,e- 
scale tests indicate that special treatment of primary slime docs not material- 
ly improve results. 


fables in copper concentrators treating suirfhide ores have been eliminated 
generally owing to tice finer grinding erployed, which permits a satistactory 
recover; with flotation alone and to the general adcption of selective-flota- 
tion methous wita ccnseausnt Georession of pyrite. 


Gravity concentration with jigs and tables is, of course, still used for 
nost of tue recover’ in the Lake Superior district owing to the tougnness of 
lative copper in the ores treatea, as previously noted. In this district flo- 
vation is an adjuncts to gravity-concentration methocs. 


At the concentretor of the Magma Coorer Co., tables are used to rough out 
part of the sulphides after pvrinmery grinding to l2-mesh. The Magna concentra- 
tor feed has a nigner copner content tuen averase concentrating ore; it aver- 
arced 7.12 percent of copper for the first 6 months of 1929. Tables recovered 
39.55 percent of the total copper during this period, reducing the copper con- 
tent in the flotation feed to 5.23 percent. . Moreover, at Magma it is desired 
to recover as much nyrite as possiole for toc fluxing of nigu-grade siliceous 
mine ores at the sselter ard incidentl, for the gold und silver values asso~ 
Ciated with tle nyrite. 


-At the concentrator of the Internxtional Nickel Co. tables are used in- 
termittertly as scavengers follovin; flotetion,.as it is desired to recover 
all sulphides in grder to reduce nickel aud precious-iietal losses in tne tail- 

es 4O)- , : : ; | 
ing, MecDonalc-4/ states that the concentrator is. téing operated alternately 
witao and witnout tavles to determine whether tne use of tables is justified. 


liicroscowic Analyses 


Tue use of the microscone for the examination of concentrator products is 
increasing. In a total of 23 concentrators cunsidered, the microscope is used 
for routine werk at 7 and sauples of concentrator products are occesionally 
sent out for microscopic enalysis at 6. The methoa commonly used to prepare 


MacDonald, W. T., Selective Flotation Mill at Cop 
Jour., vol. 150, Nov. 10, 1920, p.. 470. 
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saimles of concentrator »roducts for inicrosconic examination consists of siz- 
ing the product to be exanined and embcddins each size in a matrix, usually 
vakelite, uncer pressurc. A surface of the resulting briqiet is ground on a 
revolving iron wreel and then on a stetiouary glass plate with fine abrasives. 
The ground surface is finelly polished with fine abrasive on a rapidly revolv- 
ing wneel covereac vith musliu, linen,or broadcloth. 


Microscopic examination of t:e polisned surface identifies tue copper 
minerals contained in the material and indicetee the association of eaci miner- 
al to the cansue and other sulphide minerals. Routine wor's is usually quali- 
tative, but montl.ly composite samples of couceatrator products are examined 
quantitatively at some plants, which enables changing characteristics in con- 
centrator teea to be recognized. 


Althouzn tne microscopic examination of concentrator products yields in- 
formation not obtainable by chemical :setods, certain errors are inherent in 
the method ana caution is essential in tue interpretation of results. For ex~ 
ample, a “rain of chalcocite attacned to gansue mazy be embedded in bakelite in 
such a position tat the polisned surface docs not reveal the gangue, and the 
Chalcocite uncer those conditions may be reported as free cialcocite. 


Notwitnstancing admitted errors in tie method when used quantitatively, 
the microscope has proved an additional and valuable tool in designing new flow 
sheets and reuodeling old ones. In recent remodeling operations at tne Cananea 
concentrator, wiick resulted in greotlj improved metallurgical results and re- 
duced costs, A. 7. Tye in a private cormunication to the author: attributes the 
success attained lergely to microscopic caualyses made by Gaudin. 


Oversrinding 


Tae etfect of degree of srirdinz of copper ores on recovery and grade of 
concentrate .as been discussed in minz of tice Information Circulars on milling 
inetnods recently published by the Bureau of ijines. With present degrees of 
grinding used most of the copper lost in tailinzs is usually contained in the 
minus 200-mes:: sizes due not only to tre nrenonderance of material of these 
sizes in tne tailing but also to tne loss of apnreciable amounts of fine free- 
copper minerals in t:.ese sizes. The fuct th.t oxidized copper minerals are 
known to segregate in tie finer screen sizes Coes not account for the total 
loss of fine free material in sliiies, as mucn of the loss is found by micro- 
sconic analyses to ve finel: Civided free-sulpuide minerals. Some attention 
has been siven lately to the effect of overgrincdinz copper ores, especially 
upon recovery, and wiile the extent of loss suffered by overgrinding is not 
generally ‘mown the fact that grindinz ceyond a certain fineness does in- 
crease losses is lnown to apply to some ores. 
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CONCENTRATING COSTS 


Table & gives a sunmery of costs classified Ly subdivisions of the concer- 
trating process and. table 5.4 sumar: of costs sexrogated into labor, pover, 
and supplies. In tnese tavles tus plants have been arranged in order of ton- 
nage hendled per dey for the veriod covered. 


Distributions of power used in concentrating at typical plents are given 
in table 6 and the quantities of water used, suaneries of ore treated per mai 
shift, and unit pover costs in table 7. Distributions of labor in terms of or 
treated per muan-suift, classified into subdivisions of the concentrating pro- 
cess, are presented in table 8 for typical plartsa. ; 
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TABLE 4. ~ ! oisal « al/ 


Operiting costs per ton of ore milled, dollas 


srind~ 

ing and (Plotation 
classi- 

fying 


day, tons. Co:: rse Fine | Total 
erusiiing |crushir lerushing 


! 
Nagna and Artiur, 
. Utah Copper Co.. 
Miami Copner Co. 
Hayden, Nevada | 
Cons.Copncer Co. 


$0.6197 go, 6450 |$0. 064% $0.0918| $0.0914 - 
Svecaet «O50 .0913 .0766 


@eeeeoes 


.0298 oai2| slllo | .0778] 0940 


Britannia Mining 
& Smelting Co., | 


rd 
ee rw = re - re ee eee 


Ltd. ceccceeceeet LESH) --'1 | 6,496 | '.0052 0486 | .0538 | .0460) .0377° 
Morenci, Phelps . | ; | | 3/ 

039 .068 | .107 125 .084. 
Copper Qusen, | 
Phélps Dodge | — | 
Corp. Pore 12{ 4,201!" .cs9 |...... | .059 .194 | 075 
Calumet & Hecla _— is 5 
Cons. Conper Co.}1924'- 12/ 2,900! ..... [4/lige | vere mine lige 


= 


Nacozari, Phelrs 


Dodge Cor, .....11928| 24 


| 

| 

i 

| 

cl 

Dodge Cory. ..../1930} 1; 5,014 

| 

| 

| 

| siees | 00615 | .2229] 1053 

| 2 he 


Cananea Cons. 


Vopper Co. ...%.| 192 6 2,400 00375 eee 00573 1912 1510 
United Verde . : | os 
Copper Co. .....(1929 1] 1,532] .O751 | .1180) .1931 | .1639] 1757 
Old Dominion, : | 

Phelps Docge 7 
COTDs wean eeeseel Loe 12 1,338 O86 *,064 -150 » «187 140° 
Engels Coprer | | | 
Mining Cow wsaee) 192 12 1 ,O91 ~0856 0275 01131 » 2052 ‘ 0932 . 


Minas de Mate- — | 12/ 


hambre, S. A. «| 19 l2 130 eared 2 154 


ie | 
| 
° 
Oe eae -0615 
| 
| | 
ot 
| 
to 093 22/ 
| 
| 


Sherritt Gordgn : 
Mines, Ltc./ ../193 6 835 | .0173 | .0568) .0741 3122} | 47-2415 

Magine. Copper Co ° 192 6 600 eocee eervce ~O&15 e 2972 e 1749 

Verde Central | 15/ (0265 
Mines, Inc. eee 292 1 3 392 | oreo eoeee .377 538 ‘eL54 

a See page 36 for footnotes. 
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TABLE 4. - Operating costs at typical copper epneontratene Sosa imied 


jOperating costs per ton of ore milled, dollars 


oe | ————-—_ 
Dewater- Disposal ae: 
ing con- | Experi- of Miscel- 

Concentrator | centrat asse mental jtailing | Water aneoug otal .. 


Magna and Artnur, 
Utah Copper Co. 


$0.0052. 


$0,0072] $0.0142 $0.0100 | $0.0135 | $0.3022 


Miami Copper Co. 0059 cooee| 20123} .02387 0288 @ 2967 
Hayden, Nevada oe | ng 
Cons. Copper Co.| .0173 | .0097 | .00941 .0140] .0a32/].. .0426 | .3990 
Britannia Mining 

& Smelting Co.,. | | Set ih hee Oe 
Ltde: coavaen -ee} 0094 | .0020 eaieaes.||, . wieaterer|. saveieeie .0281 | .1770 
Morenci PR elps | | - 

Dodge Corp. ..e.- O22 0014 003 O11 082 052 . 500 
Copper Queen, | | 
Phelps Dodge | | as eee ae 
Corp. 66553 saves 019 014 coeee| 2022 2059 051 : 0 495 
Calumet & Hecla | g/ | 
Cons. Copper Co. Rererer re see caie O17 secon 031 im .533 
Nacozari, Phelps : | 
Dodze Corp. .... 0170 0137 axtleress 0276 | .0179 .0471 . .«5130 
Cananea Cons. ne | | ; fen % 
Copper Co. .....| 0154 0069 | Sewer .0076 | .0392 » 1887 6173 
United Verde | ; 

Copper Co. .....| 0336 eee 2/31 00046 | .0275 « 1050 . » 7365 
Old Dominion, | a | | | | 

Phelps Dodge ! : | 
COND. ssteacciest «042 0044 | wecee 025 029 082°; ° .699 
Engels Copper | ! 

Mining Co. ...22| 0829 0117 | weeee| 00583] .0014 0563 ,  .6521 
Minas de Mata- | | = 
hambre, S. A. .. 033 a goeee 2019 Sarees 132 . 747 
Sherritt Gordon | | 13/ 
Mines, Ltd.l/... | duct WOIAS), cadead aasieil 37176 
Magma Copper Co. eeee| 20135) 0222 «2634 09342 
Verde Central 

Mines, Inc. . iseiscg OOS .03 ~137_ | 1.39. 


for Sherritt Gordon Mines, Ltd. for wnich see Mott, R. C., The Sherritt Gordon 
Mill; Canadian Min. Jour.,’ March 1932, p. 109. 2/ Includes handling after de- 
- watering in most cases.- 3/ Includes $0.008 per ton for operation of tables. 
4/ Stean stamps. 5/ Gravity concentration, entire tonnage.6/Coarse crushing not 
included.7?/Flotation of slines.8/Leaching of sands.9/For last six months of 
1929.10/Routine sampling and testing.11/Approximate.12/Includes $0.010 per ton 


for sorting.13/An additional ,item of $0.1065 pe on is charged against milling 
as "Replace reserve." ty EF oti 87 Reb ioe. : 
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TABLE 5. - Operating costs at typical covver concentrators a 2/ 


Operating costs per ton of ore 
milled, dollars. 


Operating | Repairs 


covered ‘Ore mill- 


me tumber | ed per 


day, tons 


Concentrator 


Magna and Arthur, : 
, 48,493 


Engels. Copper ~ 
Mininz Co. ...+e| 1929 l2 1 
Minas de Mata- bf 
hambre, S A. ..| 1930 12 |. 


Utah Copner Co. $0 .0429 | 
Miami Copper Co. 17,141 0495 
Hayden, Nevada ; ae | bce stents Cate Seite - 
Cons. Copper Co. 8,862 0689 .0363 |: 1053); 1037 
Britannia Mining me 
& Smelting Co..,,. oe | we. cheats, Aatuciiees 
py ro Per eee ere 6,486 0500 -0185 -0685 |- .0250 
Morenci, Phelps Aeea | ss % 
Dodge Corp. ..../ 1930 1! 5,014 seas er 174 | 4115 
Copper Cueen, | 
Phelps Dodge: Jo =f fe ee nem 
COTDe: ss ssn es: 2920 l2 4,281 Beene esses .|. eldl |. lal 
Nacozari, Phelps | ee, Jon. 3) 46 - 
Dodge Corp. ..-.| 1928 24 2b 516 3! og77 3/0494 1371 |-. .1385 
fee [? and : i: or - 
| 1929 | | 
Cananea Cons. wm a = es os — 
Copper Co. ....-| 1929 6 2,400 0872 00322 1194 |... .2084 
United Verd | 
Covper Co.~/...2] 1929 1 1,532 1564 . 0239. 1803 | 1233 
Qld Doisinion, _ 
Phelps Dodge... a aaa es a ae | ee 
Corpse eevee. esee| 1929 12 1,338 ~157 063 r-7~ 8) 01L73 


Sherritt Gordon 


_ Mines, Ltd. ....| 1931! GS 838 ~ 1052 -O188 .. ~ L240 ©1702 
‘Magma Copper Co. 1929 6 | 650. ~ 1527 ~ 1045 2572 | 1935 
Verde Central 

Mines, Inc. ..../ 1929 1 3592 Keees graven bie 524 enol 


a See page 48 for footnotes. 
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TABLE 5. - Operating costs at timical copper ee oe 


oe <r 


Operating. sents. per ton of ore milled, dollars 


Concentrator 


Magna and Arthur, 


Utah Copper Co. ...... 


Miami Gopper Co. ...... 
Hayden, Nevada 

Cons. ‘Copper Co. .eeee 
Britannia Mining 

& Smelting Co., 


LitG se. sia%.b ee ese co scoee 


Morenci, Phelps 

Dodge Corp. ceosccecce . 
Copper Queen, 

Phelps Dodge: . 

Corp. 
Nacozari, Phelps 

Dodge Corp. weceouce e° 
Cananea Cons. 

CODDEr COs Siwsdaaiiate 
United Verde, . 

Copper co.4/.., pies oe 
Old Dominion, 

Phelps Dodge 


COMMS dareeseeaiesaies ae 


Engels Copper __ 
Mining Cow woe-ceeee eis 
Minas de Mata- 


hambre, S. A. wo... eee 


Sherritt Goraon 


Mines, Ltd. ........ee 


Magma Copper Co. eeoceeee 
Verde Central 


Mines Ine. Barbee sane 


° 2020 


; 
f 
ae 


ey 


“Supniies 


ther thaa Reagents 
reagents 


| 86 6353 
.O2u 


0554 


“1249 


10622 


Total 


1$0.1077 


1179 


» 1350 


08355 


0133 


e161 
02309 
22008 


2055 


~3618 
02947 


377 


Miscellaneous 


e@®eeee 
. 


0613 


1888 


Total 


74? 


7173 
9342 


_1.19¢2 


for Sherritt Gordon Mines, Ltd... for which gee Hott, R. C., The Sherritt 


‘Gordon Mill: Canadian Min. Jour., Mar. 1932, p. 109. 
3/ Distribution of total labor cost into operation and repairs 
4/ Coarse and fine crushing not included. 


of 1929. 


computed b;y author. 


mate. 
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2/ For last 6 months 


5/ Approxi- 


I. 0. 6792 


TABLE 6. — Distribution of power at typical copper concentrators a 1/ 


Period Distribution of pcwer, kilowatt-hours 


covered Ore mill- } per ton of ore milled 
Number| ed per hing Grinding and 
Concentrator Year; of |day, tones = iis Classifying 
months Coarse; Hine Total 


Meena and Arthur, | 


Utah Copper Co. | 1929 1 48 ,493 0.61; 2.89 3.50 7.51 
Miami Copper Co. | 1930 12 17,141 eeee eo 1.87 6.13 
Hayden, Nevada 

Cons. Copper Co./1928| 12 8,862 044) 3.24 3.68 3.74 
Britannia Mining | 

& Smelting Co., | 

Ltd. coscccessee/ 193L| 1 | 6,486 010} 2.60 2.70 7.81 
Morenci, Phelps 

Dodge Corp. eoce| L950 L | 5,014 eave eco0 2-80 7.04 
Copper Queen, 

Phelps Dodge | 

Corp. ceves-eeee| 1929} 12 4,281 1,05) sees 1.05 | 9.01 
Nacozari, Phelps = i oe 

Dodge Corp. eee 1928, 24 2,516 To 82 «11.42 

ae aes : 
1929 
Cananea Cons. ; 

Copper Co. eecee| 1929} 6 | 2,400 1.05} seoee 1.05 7.66 
United Verde | 

Copper Co. .o+--/ 1929] ‘1° | 1,532 | a eee seen 9.80 
Old Dominion, 

Phelps Dodge ' ~~ | | oe 

COrpe cocccccses| 1929) 12 1,338 ,§ 1.68} 1,07 245 8.89 
Engels Copper | | 

Mining Co. oo0e/1929| 12 1,091 ; 2,26; 1.19 3.45 12.15 
Minas de Mata~ 4/ | 

hambro, S. A. ».,1930/ 12 1,000 | “sese} seoe | 2460 spawis 
Magme Copper Co. | 1929 6 650 | eece eeee 5.36 6.38 

{ 


a See page 40 for footnotes. 
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TABLE 6. ~ Distribution of power at typical copper sctewaieatdee oontiauss 


Distribution of power, <iloratt-nours per ton of ore milled 
sci aR SOR SEE eb er a 


es 


|Dewatering | Disposal Initial Miscel- 
Concentrator | Flotation|concentrate lof tailing | vater |laneous : Total 


wazna and Arthur, 
tah Copper Co. | 0.65 | 17.10 
Miami Cooper Co. |. 0 94 | 11.54 
Eayden, Wevada 
Cons. Oonoer Co, 
Britannia Mining 
& Smelting Co., 
Ltd. oP aac ewees 
Morenci, Phelps 
Dodge Corp. even 
Cooper Queen, 
Phelps Dodge 
Corp. eovccccceose 
.acozari, Phelps 
Dodze Corde eeoe 
cananea Cons. 
Copper COe seewe 


Jnited Verde 


11.05 


12,84 


14.16 


13.70 
16,24 


15.27 


3/635 


15.96 


Copper COccecsece 
Qld Dominion, 
Phelps Dodge 
Corp. @eeseeoe8n0e200208 
Engels Copper 
Mining Co. eoeee 
Minas de Mata- 
hambré, “S. Ae es 
Magma Copper Co. 


19.95 


18.23 
19.29 


1/ All data taken from information circulars, U. S. Bureau of Mines. 2/ De- 
watering and handling concentrate. 3/ Coarse and fine crushing not in- 
cluded. 4/ “pproximate. 5/ Total milling except primary crushing. 

6/ Includes 0.42 kw.~hr. for table operation. — 
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ec oer | 


Concentrator day, tons | New 


Magna and Arthur, 


Engels Copper 
Mining Coe esecc 
Minas de Mata- 
hambre , 5S. A. ee 
Magma Comoer Co. 
, Verce Central 
Wines, “1InCs és0% 


| 
Utah Conver Co, | B84 
wilami Conner Co. 17,141 | 137 
Hayden, Nevada ve aS 
Cons, Comer Co. | gjesa! —-726 
Britannia Mining | 
& Smelting Co., | 
Ltd, eeaeeeoeosene 6,486 | 1,009 
Morenci, Phelns | 
Dodge Corso. eeee} 1930 1 5,014 | 85 
Copper Queen, | 
Pnelnos Dodze 
COT Is sGsscewesen, 2¥cd) 12 | 4,251 | gs) 
Calumet and Hecla | ! oe | 
Cons. Conner Co.| 1929;] 12 | aa ceeee 
Nacozari, Phelps | 
Dodge Cord. ceee 1929 6 | 2,016 524 
Cananea Cons, | 
Copper Co. sesee| 1929 6 | 2,400: ceace 
United Verde | 
Copver Co. weoee| 1929 1 1,532 367 
Old Dominion, 
Phelos Dodge 
Coipe wesoscecee| 1929] Ile 1,258 1,105 
| 
| 
| 
| 


ae 
. ° 
+ em © ee ew mee cme em ee ee me we eee oem ee em ns ee ene 
. 


a See page 42 for footnotes, 
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1,275 
1,175 


669 


356 
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TARLE 7. - “ater, lator, and unit vower costs at 


typical coyxver - concen tratorsl/--Ccntinued 


Labor ore inilled per 
man-snift, tcns 


Unit cost of power per 
Overe ticn!Haintenance 


Concentrator kilowatt hour, cents 


Magna and Arthur, 
Utah Copper Co. coe. 
Miami Cooper Co. 102.5 
Hayden, Nevada Ccns. 
Copper CO. esveves 
Britannia Mining 
& Smelting Co., 
Lids: “ese ewocesae 
Morenci, Phelps 
Dodge Corpe cenucese 
Copper Queen, 
Phelps Dodge 
Corp. eeorocececcceres 
Calumet & Hecla 
Cons. Copper Co. 
Macozari, Phelps . 
Dodge Corp. eceeccccs 
Cananea Cons. 
CODPeEr COs eeoceces £220 
United Verde 
Copper CO. eeceoee 46.35 
Gld Dominion, 
Phelys , Dodge 
COTP. ecccvvscvoces 56.7 
Engels Ccvper 
Mining CO. eeccosece 27.4 
Minas de Mata- 4 
hambre, Se Ae eevee esas 
Magme Cooper Co. 
Verde Central 
Mines, Inc. eecoee 


eer ee ® P Oe er 8 


“J 
Oo 
e 

» 
ey 
Oo 
e 

~ 


on 
es 
e 

i 


GC 
~J 
e 

ih 
‘om 
WD 
tO 
oO 


= 

| 

| 

| 
92.3 ; 26.4 

: 

| 


® 
e 
® 
@ 
iP a SE pce ee OP ow “SO 8 ee ee Oe eee eee, oe Oe Oe ee Se a ees ee — eee ae ~~ eee ee a ee eee eae 
e@ 


1/ All data taken from information circulers, U. S. Bureau of l’ines. 
2/ Average of 1928 and 1929. | BA a 
3/ Appreximate. 


1788 - 42 - 


Google 


I. C. 6792 


TABLE 8. - Distribution of labor at tynical copper concentrators 2 


Miami Conver Co.2/ 


Grinding end classifyine.. | 494 | 972 
Flotation. cceccccscccsccee | 2773 | 1,880 £48 | 
Dewatering and hendling i 
CONCENtTAatE...ceccscoces | 1,986 8,405 1,607 
Sampling end assaying..... } 3/ 952 BA's 3/ 278 | 
Diaposel of telLlings ccs 227 ; 4,529, 1,438 |; 
NOGGD SUNDIY: siwisiswea sea 2 5 Se A 1,133.5 
Experimental .isccccacssss $540 + cscs } 86,940 ' 
MISCGLIANCOUG 664 skc nt cenes Ge: 14896 4 See: 
! ' 
! 
MRA seadvoavieeuneies | loz | 251 
ne Semen Nene Nee 


Coarse and fine crushing.. 
Grinding and classifying.. 
TLOVATLON ce «sos s reverses tave 
Dewatering and handling 
concentrate | 
Sampling and essaying..eoec. 
Dipoeseal ‘OL taLlineicaweess 
Water Supplyeccccccccccces 
BXPOrimen tals vivevsseseeve 
MIiBCOLIGNOOUS§ oc wks bane 08 


DOULA 654 ws a SS 0S eee 


| Necozari, 4 
Phelos Douge corp .4/ 
J 


Mill treated 
2,916 tons per day 
1929 
Tons per man-shift 


neceniaga 
Onerationinence . 
feral trot 


164 
166 
593 


| Total 


463. 
421 
2935 
065 
1 ,084 
127 


OO ee ee 


a@ See page 45 for footnotes. 
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. 
. 
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—— 


108 


United Verde Conper Co.D/ 


Bri tannia Mining 2/ 
Smelting Co., Ltd. 


Mill trested | Lill treated 
17,149 tons per cay, : 6,486 tons per day, 
ae __19280 July, 1931 

! Tons ner man-shift Tons per man-shift 
| Mainte-! Mainte- 


eeeee 
eoeneee eeevte 
@eevne eeeee 
@eeee#e eeeneee 


Mill treated 
1,£32 tons per day, 
Sentember, 1929 
Tons per man-shift: 


Mainte- 
Operation nance Total 
6 f j460¢ eeoee 
~ 344 668 227 
286 1,394 237 
- _« 269 1,333 224 
{ 229 261,743 2/ 227 
1,532-.:.. 8,481 1,298 
4,444 6 , 054 2,063 
169 1,124 140 


= 30 5A. 19 8/ae 8/240 +~=—8/39 
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TABLE 8, — Distributign of labor at at tmice) comer goncentratore-—Cont ined” 


er eee Lae ae aa ——— —. ne 


Old Dominion ‘Janel Coppe 
___ Phelos Dodee Rakoel | ene Sete 
Mill ! Mill treated 


_— 


ee et eg 


a 
! 


| treated 
| 1,358 tons per day, | 1,091 tons per day, 
Sees): ee eae 
|____ Tons ver man—snift | Tons ver man-shift __ 
Fy a jets $$$ 
Wsinte= | } Mainte- 
Oneration jnance {toter | eration [nance 
Coarse and fine crusiling | isee P wanes 94 110 377 
Grinding and classifying | Cat a ae ee | 157 11/135° |L1/525 
PiStAt trys ie oreies i328 4 pine bh waeee. f Ue6S 234 | 1,333 
Dewatering and handling | | | “ 
GONCENITALS: vccwrccace| cece eerie | 291 | 266 | 5,000 
Sampling and assaying... | Surah Hb eae | 986 1,639 {!20,000 
Disgosal of tailing..... | cece ween <<) . 8s | 147 | 1,075 
Pater supoly secessces ever ee stuae.” 41 :63690 | 3,448 lscecves 
Experimentales.seseeesee | 
Miscellanbous<.ss0¢:s:8 0%: “a 
WO Wils a ath kg's'o as g.ab dos a 8 AI 


Will treated 
659 tons oer dw, 
last nalf of L929 
Tous ver man-shift 


| Maintenance | Total 
gee 

| 178 115 

144 


Qveration 


Coarse and fine Cmishines<c.cc06 cs cew | 
Grinding and classifying ..c«sccovssces 
PISVACLORS 65046 F9 Gaon ed SAE e OE ee 

Dewntering and handling conceatrz.te.. 

paMmmling and Q@BSEYINE swscssocoseeseee 

DiSoOneL. OF COSINE eaciss ts saewenas 

Water’ GUILT. o-.030:0or SOE RS Ree Ke anes 

Peserimoental 6.06 05:45%0040- 600s wb eek es ‘~ eee eevee 
MiscelLlancous 16 saiee eas toew ee os 08a ws ae eee See 92 
Total ‘ : fo RAN i a 13 26 
i are . 5 F , 


a Ses nate 45 for foctnotebe,.., 


et 

4,333 | 4,333 
| 
{ 


to 
' lo oNI 


»? 
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After Hunt, EH, D., “tilling Methods and Costs at the Concentrator of the 
Miaml Conner Co., Miami, Ariz.: Inf. Circ, 6573, Bureau of Mines, 1932, 
Dp. 24. 


Munro, A. C,., and Pearce, d. A., Milling Methods and Costs at the Concen- 
trator of the Britannia hininz and Smelting Co,., Ltd., Britannia Beach, 
B.C.: Inf, Circ, 6519, Bureau of Mines, 1932, 0. 24, 

sampling only. 

After Rose, BE, H., and Cruuer, W, B,, ifilling Methods end Costs at the 
Nacozari Concentrator of the Phelns Dodge Cornoration, Nacozari, Sonora, 
Mexico: Inf, Circ, 6353, Bureau of Mines, 1930, p. 37. 

After Kuzell, CC, R., and Barker, L. M., Milling Methods and Costs at the 
Concentrator of the United Verde Conser Co,, Claricdale, Ariz.: Inf. Circ. 
6343, 1930, vo. 28. 

Crusiing nlant at sielter, 

sampling and testins,. 

rusning not included, 

After Forrester, D. L., and Cramer, W. B., Milling Metiods and Costs at the 
Concentrator of the Old Dominion Co,., Globe, Ariz.: Inf. Circ. 6467, 
Bureau of Mines, 1931, ». 2). 

After Nelson, W. I., tiilling Methods and Costs at the Sweriwr Concentrator 
ef the Bugels Conner Mining Co., Plumas County, Calif.: Inf. Circ. 6550, 
Bureau of Mines, 1952, p. 2). | 

Classifyin=s not incluced, 

After Rose, J. H., and Mcilabb, J. C., ililling ifethods and Costs at the Con- 
ceutrator of the Mazin Conoer Co., Superior, Ariz.: Inf, Circ, 6319, 


Bureau of Mines, 1939), pe 19. 


Suerintendence and watchmen not included, 
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